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THE EFFECTS OF DURATION AND BACKGROUND 
LUMINANCE UPON THE BRIGHTNESS 
DISCRIMINATION OF AN AMBLYOPE* 


Theodore Grosvenor+ 
School of Optometry, The Ohio State University 
Columbus, Ohio 


INTRODUCTION 

Inasmuch as amblyopia constitutes a major problem in the re- 
habilitation of strabismus patients, many attempts have been made to 
account for its occurrence. It is generally agreed that amblyopia may 
be of either a structural or a functional nature; that if the amblyopia 
is due to a defect in structure it could be a cause of the strabismus or 
could be unrelated to it; and that if the amblyopia is of a functional 
nature it most likely is a result of the strabismus. The general feeling 
seems to be that in the majority of cases, amblyopia found associated 
with strabismus is of the functional type. 

Among recent investigations are those of Wald and Burian' and 
of Miller.2»* Wald and Burian took absolute threshold measurements 
on amblyopes, using a test field with a maximum visual angle of two 
degrees, at an exposure duration of 40 ms. They found that, in each 
case, the absolute threshold of the amblyopic eye was the same as that 
of the normal eye of the same subject. This was true both at the fovea 
and out to ten degrees on either side. 

They also ran spectral sensitivity curves, and found that the nor- 
mal eye was most sensitive at 565 my, while the amblyopic eye was 
most sensitive at 545 mp. They suggest that this shift toward the blue 
could take place if the stimulated area of the amblyopic eye contained 
more rods than the same area in the normal eye. 

They concluded that even though the amblyope has abnormal 
form perception, he has normal light perception (as found in the abso- 
lute threshold measurements) . They cited experiments done on monkeys 
and lower animals which show that the decorticated animal will react 


*Read before the annual meeting of the American Academy of Optometry, Houston, 
Texas, December 11, 1956. For publication in the December, 1957, issue of the 
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to light itself but will not react to differences in pattern or form, and 
they felt that this is a demonstration of the fact that form vision re- 
quires the cortex, while light perception does not. They theorized that 
amblyopia involves a cortical inhibition of the higher corticular func- 
tion of pattern vision, without impairment in the lower functions of 
light vision. They also suggested that amblyopia may be particularly 
associated with vision in bright light, as opposed to vision under abso- 
lute threshold conditions. 

Miller? conducted brightness discrimination experiments on an am- 
blyopic subject, using a narrow bar, in an attempt to uncover an im- 
paired light sense. He used a normal subject as a control, and found that 
the bar had to be wider for the amblyope, in order to be seen under the 
same conditions of luminance, as compared to the normal eye. He con- 
cluded from this that the amblyope’s fovea behaved like the peripheral 
portion of a dark-adapted normal retina, where spatial summation is an 
important factor. He explained this behavior by postulating that the 
amblyope’s fovea lacked an inhibiting mechanism, and therefore the 
effects of summation remained unchecked. 

In a later paper, Miller* reported on experiments of the same type, 
using five amblyopes as subjects. In each case he used the normal eye 
of the amblyope as a control. Here again, he found that the amblyopic 
eye continued to benefit by an increase in slit width, beyond the width 
at which the threshold for the normal eye leveled off. As his criterion 
he used the index of blur, as proposed by Fry.‘ The concept of the 
index of blur is based on the fact that, as the slit is increased in width, 
the intensity at the center of the image of the slit increases, up to a cer- 
tain value, after which the intensity remains constant. At this point, 
further increase in slit width causes no decrease in threshold, and the 
slit width at which this occurs is called ¢, or the index of blur. 

Miller proposed that, by comparing the values of ¢ and the visual 
acuities of the two eyes, one could predict the amount of success possible 
in training an amblyope. Assuming that the high value of the index of 
blur for an amblyope was due to an impaired visual apparatus, the 
higher value of ¢, the less one could expect to accomplish by training. 
Goldstein, Katko, and Zehner® tested Miller’s theory by submitting four 
amblyopic patients to orthoptic training. Using the formula suggested 
by Miller, they found that they could predict an improvement in visual 
acuity for all four patients. After training was completed, they found 
that in all cases the predicted amount of improvement had taken place. 
However, they had no patient for whom they could predict no improve- 
ment in visual acuity to serve as a control. 
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In his later paper, Miller also did short duration experiments with 
normal subjects. He used an exposure duration of 10 ms., and found 
that the average value of @ (for five subjects) was increased from a value 
of 6.4 min. under ordinary conditions to 12 min. He concluded from 
this that summation takes place in the normal fovea under conditions 
of short exposure, due to the fact that the opposite but slower process 
of inhibition does not have time to take place. He further proposed that 
the summation present in the amblyopic fovea is like the summation in 
the normal fovea under conditions of brief exposure and is, similarly, 
due to an absence of an inhibitory process. 

The present paper concerns itself with further investigation into 
the problem of amblyopia, particularly in regard to the possible role 
played by a lack of inhibition in the fovea of an amblyope, as proposed 
by Miller. Whereas Miller compared results obtained with exposures 
of a long (indefinite) and a short (10 ms.) duration, the present study 
shows the transition from the shortest to the longest duration, since a 
wide range of exposure durations were employed. Furthermore, pre- 
liminary studies indicate that Fry’s index of blur varies with the lumi- 
nance of the background and, in fact, the same effect can be obtained 
by reducing luminance level as by reducing duration. Experiments were 
performed, therefore, at luminance levels ranging from absolute thresh- 
old levels to 7,000 footlamberts, giving us this additional variable to 
consider in studying the roles of summation and inhibition. The find- 
ings by Wald and Burian, that the absolute thresholds are the same for 
the amblyopic and the normal eyes, further emphasizes the importance 
of employing low, as well as high, luminance levels. 


APPARATUS AND PROCEDURE 

The apparatus consists essentially of a stimulus source, S,, a back- 
ground source, Ss, and a fixation source, S,, each source having its own 
optical system. An automatic exposure and recording system is pro- 
vided in connection with the stimulus sources, S,, while S, and S, are 
exposed continuously. See Figure 1. 

The luminance of the stimulus may be controlled by varying the 
orientation of the crossed polaroids, P and P’, and also by rotating the 
photometric wedge, W’, in relation to the compensating wedge, W. 
Neutral density filters may also be placed either in front of the photo- 
metric wedge or just behind the artificial pupil, in order to further vary 
the intensity of S,. 

The luminance of the background may be varied by placing a 
neutral density filter in front of E, or behind the artificial pupil, or by 
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Fig. 1. Diagram of apparatus. 


the use of a variac. The luminance of the fixation target may be varied 
in a similar manner. A neutral density filter behind the artificial pupil 
obviously reduces the luminance of all three stimuli. 

The source, S,, consists of an incandescent bulb which illuminates 
(from behind) a piece of milk glass, G, which acts as a diffuser. 
Sources varying from 7!4 watts to 100 watts may be used. The rays 
of light emanating from the milk glass are focused by means of a lens, 
L,, onto the plane of the adjustable slit. The two sectored discs, D and 
D’, are positioned in such a manner that they are conjugate to the plane 
of the artificial pupil with respect to the lens, L,’. 

The source, S,, also consists of an incandescent bulb, which illumi- 
nates from behind a piece of milk glass. Sources varying from 74 
watts to 150 watts were used. Rays emanating from the milk glass 
were reflected toward the subject's eye by means of the beam splitter, 
B, after having passed through the lens, Le. This system causes Es to 
appear to the subject to be in the same plane as E,. 

The source, S,, consists of two pinholes (1 mm. in diameter) 
which are covered by a red filter and illuminated from behind by a 
25 watt frosted bulb. As with S,, a beam splitter, B’, and a lens, L,, 
are used. 

The sectored disks, D and D’, were driven by a 60 cycle 1/50 h.p. 
motor, through a gear train. D is a single disk, from which a 36 degree 
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sector has been cut, and rotates once every four seconds. D’ is composed 
or two disks giving an adjustable sector which allows for exposures 
from a few degrees to 180 degrees, and rotates once each half second. 
A 180 degree exposure thus gives a duration of 250 ms. The disks 
are syncronized in such a manner that an exposure is made every four 
seconds the duration of which may be from a few ms. to 250 ms., 
depending on the setting of the adjustable sector. 

Seven polaroid filters are mounted on an aluminum disk which 
rotates in such a manner that, as the disks, D and D’, allow exposures 
to be made, various ones of the seven polaroid filters can intercept the 
beam. The filters change position between exposures, and are motion- 
less during exposures. 

An automatic recording device is also provided, and an ink writer 
draws a line back and forth across the paper tape of an adding machine 
carriage. A lever is provided which, when activated by the subject, 
makes a slight spur in the line on the tape. Gears and a cam are pro- 
vided which cause the ink writer to traverse the tape, stopping each 
time an exposure is made. The polaroid filters are oriented in such a 
manner that exposures from 20 per cent of maximum to the maximum 
luminance can be made. Exposures are made in serial order of lumi- 
nance from lowest to highest when the ink writer goes from right to 
left, and vice versa. 

The photometric wedge, W’, has a two log-unit range. A dial is 
provided which rotates the wedge, and has a scale, the reading of which 
may be converted into transmittance by means of a calibration table. 
A filter holder is located just behind the artificial pupil. Neutral density 
filters are mounted in this when needed. The transmittance for any 
given exposure may be computed by multiplying the transmittance 
of the crossed polaroids, the wedge, and the neutral density filter (if one 
is used). 

The adjustable slit is formed by two jaws, finished to knife edges 
on their opposing surfaces, each of which is mounted eccentrically on 
two brass disks. The two upper disks serve as gears, which may be 
controlled by means of a knurled knob. When the knob is turned, the 
disks rotate in opposite directions, causing the jaws of the slit to move 
closer together or further apart. Since the jaws actually rotate rather 
than move sideways toward and away from one another, a constant 
turning of the knob causes the slit to change width slowly at narrow 
slit widths, and much faster at the wider slit widths. This mechanism, 
therefore, is well suited to this type of experimentation. The slit is 40 
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minutes in height, and the width can be adjusted from 4% minute to 
50 minutes. 

A 2.3 mm. artificial pupil was used in all experiments. All experi- 
ments on this apparatus were done monocularly. 
PROCEDURE 

The subject, having been previously adapted to the desired back- 
ground luminance, was seated as comfortably as possible with his head 
held in position by a biting bar. The time of adaptation varied from 
a few minutes for high background luminance to 40 minutes for the 
lowest background luminance. In the experiments with low luminance 
backgrounds, the red dots were used to control fixation, the subject 
being instructed to fixate an imaginary point half way between them, 
and to push a lever, whenever the test object was seen. When higher 
luminance backgrounds were used (7 footlamberts and higher) the cross 
hairs were visible, and were used rather than the red dots to control 
fixation. 

In a typical experimental session, the sectored disks were set for 
a given exposure duration, and data were taken for several slit widths. 
For each slit width, the automatic exposure and recording equipment 
was turned on, and allowed to run for ten complete cycles, each cycle 
beginning with the lowest slit luminance, going to the highest lumi- 
nance and back to the lowest again. This experimental procedure con- 
stituted the method of serial exploration. It was often necessary to 
adjust the photometric wedge in such a manner that the threshold value 
for a given stimulus-background condition would fall within the range 
provided by the polaroid filters. In order to do this, the disk containing 
the polaroid filters was placed in the middle position and a third sectored 
disk (not shown) was rotated at a speed which provided two exposures 
per second at the desired duration. Using the method of limits, the 
wedge dial was slowly turned back and forth until a position was ob- 
tained at which the slit was visible half the time. The additional 
sectored disk was then removed and the wedge dial left in the above 
position for the “run.” 

It was first thought necessary to provide a special auditory warning 
signal a fraction of a second before each exposure; however, it was 
found that a definite “whirr’’ occurred just before each exposure, due to 
the change in load on the gears, which served the purpose very well. 

The subject was instructed to fixate the center of the cross-hairs 
(or halfway between the red dots, in the low luminance experiments) 
and to push the lever only if he could see both sides of the slit, though 
it was not necessary to see the upper and lower borders. There were 
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many exposures in which only a ‘“‘flash’’ was seen and others in which 
only a vague awareness of ‘‘something’’ took place; the subject was 
instructed to ignore these exposures. For each run the slit width, dura- 
tion, and wedge transmittance were recorded on the paper recording tape. 


3 4 587890 
TRANSMIT TANCE 
Fig. 2. (left) Record on paper tape. (right) Analysis of data. 


Figure 2 may be used to describe the process of analyzing the data. 
Figure 2 (left) shows that, for a background luminance of 7 foot- 
lamberts, duration of 50 ms., slit width of 10 minutes, and a wedge 
transmittance of 0.057, the subject made no responses for the first two 
luminances, one for the third, four for the fourth, eight for the fifth, 
and ten each for the last two luminances. Figure 2 (right) shows these 
data plotted on probability paper, where they are fitted reasonably well 
by a straight line, the fitting being done by inspection. The trans- 
mittance values for the various filters were 20, 33, 47, 61, 74, 87 and 
100 per cent of the maximum transmittance. These values were plotted 
on a logarithmic scale, because when this is done, the best-fitting straight 
line has the same slope regardless of the setting of the neutral density 
wedge. This figure shows that the 50% level falls at a transmittance 
of 0.62, corresponding to a luminance of 2.73 footlamberts. 

In the above example, the data resulted in three frequencies that 
were between zero and ten, and hence could be plotted on the proba- 
bility paper. However, it sometimes occurred that only two, one, or 
sometimes no frequencies were other than zero or ten, in which case it 
became a problem to locate the best fitting straight line. This problem 
was solved by assuming that the standard deviation, in log units, of the 
subject's responses (and thus the slope of the best-fitting line) was 
constant for all stimulus conditions, and consequently by plotting all 
lines with this constant slope, even if only one point could be plotted. 
If no frequencies other than zero or ten occurred, a transmittance value 
half way between that of the highest polaroid filter having a frequency 
of zero, and that of the lowest filter having a frequency of ten, was 
taken as the threshold value. In order to ascertain the slope of the best- 
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Pig. 3. Relative sensitivity curves. 


fitting straight line, ten separate ‘‘runs’’ of the data plotted in Figure 3 
were taken. The slope was found to vary from 1.43 to 4.70, with a 
mean of 2.74. The latter value was therefore taken as the slope of the 
best-fitting line, in plotting the data. 

The next step in the analysis of the data was to plot a curve for 
a given duration and a given background luminance, showing the lumi- 
nance of the test object for each of the various slit widths. Each fre- 
quency plot as described above yields a single point on the latter curve. 
SUBJECTS 

Two subjects were used in the investigation, one normal and one 
amblyopic. Data were taken on the right eye of the normal subject, and 
on both the amblyopic and the normal eye of the amblyopic subject. 
A brief description of the visual status of each subject follows: 
Subject J. M. (normal). Age 23. 

Uncorrected distance acuity: O.D. 20/12 

O.S. 20/12 
Refractive error: O.D. + 0.25 DS. 
O.S. + 0.25 DS. 

Status of binocular vision: Normal 

Subject T. G. (amblyopia). Age 33. 
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Uncorrected distance acuity: O.D. 20/400 
O.S. 20/200 
Refractive error: O.D. —4.50D.S. > —3.75D. Cyl. & 175 
0.8. —3.75DS. = —3.25D. Cyl. x 169 
Corrected distance acuity: O.D. 20/40 (—) 
O.S. 20/20 

Status of binocular vision: 18A exophoria, and 9A left hyper- 
phoria, at both distance and near. Fusion and 80% stereopsis obtain- 
able without the use of prisms, although 6A base-in, and 4A vertical 
prism are included in the subject's lens prescription. 

Fixation: A plot of the blind spots showed them to be in corre- 
sponding positions for the two eyes, indicating central fixation for the 
amblyopic eye. The after-image transfer test also indicated central fixa- 
tion for the amblyopic eye. 

Luminosity curves were found to be essentially the same for the 
normal and the amblyopic eyes. Experiments were also done to deter- 
mine the relative sensitivity of the fovea of each eye to light incident 
upon it at different angles. The resulting curve for the normal eye 
(Figure 3) shows that the sensitivity is greatest for light incident at or 
near the center of the entrance pupil, while the curve for the amblyopic 
eye shows the sensitivity to be greatest for light incident one or two mm. 
temporal to the center of the entrance pupil. In addition, the total range 
from lowest to highest sensitivity is approximately one log unit for the 
normal eye, while only about 1/3 log unit for the amblyopic eye. In 
Figure 3, the open circles represent averages of two measurements, while 
the filled circles represent data from just one measurement. 

Evaluation of the amblyopia: The subject has a history of inter- 
mittent right exotropia and hypotropia, beginning at about six years 
of age. The tropia was accompanied by diplopia, but this was relieved 
when minus lenses were prescribed. The amblyopia was evident at the 
first refraction, and corrected acuity of the amblyopic eye has been fairly 
constant (20/40 to 20/60) since that time. The onset of the ambly- 
opia, therefore, was such that it is difficult to evaluate, as being due to 
the intermittent squint, a cause of the squint, or having no relation- 
ship to it. 

RESULTS 


THE EFFECT OF SLIT WIDTH UPON THE CONTRAST THRESHOLD AT VARIOUS 
DURATIONS OF EXPOSURE AND VARIOUS LEVELS OF BACKGROUND LUMINANCE 
A. FOR NORMAL EYES 
In Figure 4 (top) each curve shows the contrast thresholds for 
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Fig. 4. (top) Brightness discrimination data for subject J. M. 

(bottom) Brightness discrimination for normal eye of subject T. C. 
various slit widths for subject J. M. Curves have been plotted for 
various durations of exposure, and for various background luminance 
levels. Similar curves for the normal eye of subject T. G. have been 
plotted in Figure 4 (bottom). 

Each curve shows that, as slit width is increased the contrast 
threshold decreases, the rate of decrease being more rapid, in general, for 
the narrower slits than for the wider ones. It can be seen, however, that 
some of the curves show a definite tendency to level off, while others do 
not show this tendency. In inspecting curves for a given duration, one 
finds that in going from the lower to the upper curves, the leveling off 
seems to be more and more pronounced with the corresponding increase 
in background luminance. On the other hand, as one inspects curves for 
a given background luminance, one finds that the leveling off effect also 
tends to increase with increasing durations. 

At the one extreme (curves for short durations and low back- 
ground luminance levels) the curves somewhat resemble those of Niven 
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and Brown*, who found complete reciprocity between slit width and 
luminance, using slit widths up to 7 minutes and durations ranging 
from 4.13 to 189 ms. At the other extreme, however (for example, 
the curves for a duration of 200 ms. and a background luminance of 
700 footlamberts), a very definite leveling off occurs, comparable to 
that found by Fry and Cobb’, Fry**, and Miller? *. Fry's concept of 
an index of blur can be readily applied to these curves, as illustrated 
in Figure 5. In this figure, data for subject J. M. at a luminance level 
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Fig. 5. Index of blur for subject J. M. 


of 700 footlamberts and a duration of 200 ms. have been fitted by a 
horizontal line and a line with a slope of —1. The point of intersection 
of the two lines determines the value of ¢, the index of blur, which is 
found to be 2.5 minutes in this case. 

The fact that Niven and Brown obtained complete reciprocity for 
all slit widths, while Fry and his co-workers obtained a complete 
leveling off, appears at first glance to be difficult to explain. However, 
the experimental procedures in the two cases were different in two im- 
portant respects: 

1. The work of Niven and Brown was done under absolute 
threshold conditions, the test object being presented on a totally dark 
circular background which was surrounded by a very dimly illuminated 
annulus; Fry and his co-workers used relatively high luminance levels. 

2. Niven and Brown used short durations, the longest of which 
was less than 200 ms., and slits ranging only to 7 minutes in width: 
Fry and his co-workers used indefinite durations (except in the one 
case in which Miller employed a duration of 10 ms.) and a much 
larger range of slit widths. 

The results of this investigation, therefore, showing the relation- 
ship between contrast threshold and slit width for a wide range of dura- 
tions, background luminances, and the slit widths, have demonstrated 
the basis for the apparently conflicting results of Niven and Brown on 
the one hand, and Fry and his co-workers on the other. 
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Fig. 6. Brightness discrimination data for amblyopic eye of subject T. G. 


B. THE AMBLYOPIC EYE 

A plot of the contrast thresholds for the various slit widths for 
the amblyopic eye of subject T. G., Figure 6, shows, in general, the 
same relationship as that for a normal eye. Here, too, the threshold 
luminance decreases with increasing slit width, and at high luminance 
levels, a slit width ¢ is reached, beyond which increasing the width has 
no effect on threshold. The following differences, however, may be 
noted : 

1. Curves for the amblyopic eye are, in all cases, somewhat higher 
on the graph than the corresponding curves for the normal eye of the 
same subject. 

2. The curves for the amblyopic eye tend to show less leveling 
off than do the curves for the normal eye, and, if the leveling off does 
occur, it occurs at a higher slit width for the amblyopic eye than for the 
normal eye. This fact can be more readily demonstrated in Figure 7, 
in which curves for the normal eye and amblyopic eye have been pre- 
sented on the same graph. In order to compare the forms of the curves 
for the two eyes, the curve for the amblyopic eye has been moved down- 
ward and replotted in each case (dashed line) in a manner such that, 
at the lower slit widths, it coincides with that of the normal eye. When 
this is done, the curve for the amblyopic eye remains below that of the 
normal eye, at the greater slit widths. 

Figure 8 is a plot of the data for the normal and amblyopic eyes, 
at a background luminance level of 700 footlamberts, and a duration 
of 200 ms. for the purpose of determining and demonstrating the dif- 
ferences in the indices of blur. The difference between the values of ¢ 
determined under these conditions is similar to that found by Miller*, 
who used indefinite duration, and a fairly high level of background 
luminance. 
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COMPARISON OF NORMAL AND AMBLYOPIC EYES AT 
LOW BACKGROUND LUMINANCES 


The experiments done on the normal eye of the amblyopic subject 
(Figure 9) show that as the background luminance is decreased, the 
value of AB decreases until B reaches a value of about 0.07 footlamberts, 
after which a further decrease in B ceases to bring about a decrease in 
AB. This is not the case, however, with the amblyopic eye of the same 
subject. 

As is shown in Figure 10, the value of AB continues to decrease 
for the amblyopic eye, until a background luminance of 0.00007 foot- 
lamberts is reached. At this level, the AB value is equal to that of the 
normal eye, or very nearly so. 

It should be added that brightness discrimination tests at the back- 
ground level of 0.00007 footlamberts constitute absolute threshold 
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Fig. 7. Brightness discrimination data for both the normal and the amblyopic eye of 
subject T. G. 
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measurements, since the background could not be seen at this level. At 
the 0.0007 footlambert level, the background was barely visible, i.e., 
the experimenter could switch the background source off and on slowly, 
without the subject being entirely sure when it was turned on and when 
it was not. The 0.007 footlambert background, however, was definitely 
visible. 

The differences between the thresholds of the normal and ambly- 
opic eye are made more evident if curves for the two eyes are plotted on 
the same graph. This has been done in Figure 11, which is a plot of 
AB against B for the two eyes of the same subject, for the slit width of 
50 minutes and a duration of 200 ms. 

It can be seen here that the two curves converge at the small values 
of B, but the ratio of the AB values for the two eyes increases as B in- 
creases up to a certain point, and the ratio then returns toward unity. 

A plot of AB/B (the Weber fraction) is also helpful in analyzing 
the differences between the two eyes. Such a graph is shown in 
Figure | 2. 

This fact, that the normal and amblyopic eyes have essentially 
equal thresholds at the absolute threshold level, substantiates the work 
done by Wald and Burian. In addition, the fact that the thresholds for 
the two eyes are not the same at the higher luminance levels, bears out 
their prediction that amblyopia has its effect mainly at higher levels of 
luminance. 

RELATIONSHIP BETWEEN LIGHT THRESHOLD AND FORM THRESHOLD 

During the course of the experimental work, it was found that the 
criterion used by the subject was a matter of great importance. In some 
experiments, for example, the subject was told to push the lever if he 
saw anything at all (in addition to the background) even though its 
shape was indefinite. In other experiments, he was instructed not to 
push the lever unless the true shape of the stimulus object could be 
ascertained. For example, when a slit was used, he was told not to push 
the lever unless he could see both sides of the slit. 

In order to evaluate the differences between the two thresholds, 
experiments were conducted, using a 50’ square test object under condi- 
tions of indefinite duration. In these experiments, the subject was in- 
structed to fixate an imaginary point half way between the red dots (as 
shown in Figure 2, right) as the luminance of AB was gradually in- 
creased. He was told to respond first when he could detect the presence 


Fig. 8. Index of blur for subject T. G. Fig. 9. Relation of AB to B. 
Fig. 10. Relation of AB to B. Fig. 11. Relation of AB to B. 
Fig. 12. (top) Relation of AB/B to B. 
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of a bright object between the two fixation dots, no matter what its 
shape may be, and to make another response when it appeared as a 
square. In order to aid the subject in establishing his criterion, he was 
asked to imagine that he did not know whether the test object was a 
square or a diamond, and to respond when he was sure that it was a 
square. 


70 


Fig. 13. Light and form threshold data for normal and amblyopic eyes of subject T. G. 


These data are plotted in Figure 13, which shows that at the lower 
levels of background luminance there is a fairly constant difference in 
the logarithms of the thresholds for the two criteria. However, at the 
higher background luminances the difference no longer exists, the two 
curves finally coinciding, since the subject was sure that the test object is 
a square as soon as he sees it. 

The curves for the two eyes are quite similar, but with the follow- 
ing exceptions: 

1. The light and form threshold curves are everywhere a little 
further apart for the amblyopic eye than for the normal eye. 

2. While the two curves for the normal eye converge toward each 
other at less than 70 footlamberts and become coincident at a little 
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above 70 footlamberts, the two curves for the amblyopic eye are just 
beginning to converge at a value in excess of 70 footlamberts, and do 
not coincide until the 700 footlamberts level is reached. 

DIFFERENTIAL SENSITIVITY FOR SUPRATHRESHOLD STIMULI 

In order to determine the differences in sensitivity between the 
normal and amblyopic eyes for suprathreshold stimuli, the following 
experiment was performed: 

The subject was seated, in a totally dark room, behind a refractor 
which contained his lens prescription. A variable polaroid filter (to- 
gether with a fixed polaroid filter) was mounted in front of the normal 
eye. A one density neutral filter was mounted in front of the amblyopic 
eye. 

A 36’ square test object was projected onto a screen at a distance 
of twenty feet by means of a projector chart, from which the slide had 
been removed. The test object was viewed binocularly, and vertical and 
lateral prism power was introduced by means of Risley prisms until the 
two test objects were lined up horizontally, and were separated by an 
angular distance of about two degrees. Care was taken not to introduce 
so much prismatic power so that color fringes would result. 

The experimental procedure consisted of the adjustment by the 
subject of the variable polaroid filter until the two squares were judged 
to be equally bright. In making the comparison, the subject would 
alternately fixate one target and then the other, for each adjustment of 
the polaroid filter. Brightness matches were made in this manner for 
test object luminances (for the amblyopic eye) of 14, 1.4, 0.014, 
0.0014 footlamberts. At the 0.00014 footlambert level, the test objects 
were no longer visible to the extent that they could be readily fixated. 
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The results, which have been plotted in Figure 14, show that at 
the two lower luminance levels the sensitivity of the two eyes is essen- 
tially equal but at the higher levels the amblyopic eye is considerably 
less sensitive than the normal eye. The ratio of sensitivities appears to 
reach a constant value of about 0.52 at the 1.4 footlambert level. 
DISCUSSION 

In comparing the data for the normal and amblyopic eyes, prob- 
ably the most obvious fact is that, under identical conditions of back- 
ground luminance, slit width, and duration of exposure, the threshold 
for the amblyopic eye is somewhat higher than that for the normal eye, 
in almost all cases. The ratio between the thresholds of the two eyes 
is in the neighborhood of from one-half to one log unit. Exceptions 
to this general rule are found at the absolute threshold level, at which 
the ratios between the absolute threshold values for the two eyes are 
essentially equal to one, and at high luminance levels (70 and 700 foot- 
lamberts) where the ratios between the threshold values amount to only 
about one-fifth log unit. 

The fact that the differences between the threshold values for the 
two eyes are dependent upon level of background luminance leads one 
to the conclusion that, whatever mechanism is responsible for the 
amblyopia cannot act in the manner of a neutrai density filter, in which 
case the sensitivity difference between the normal and amblyopic eyes 
would be the same at all luminance levels. Among mechanisms which 
would have such a filtering action are the presence of an added pigment 
in one of the two eyes, a difference in population of photoreceptors for 
the two eyes, or a differential Stiles-Crawford effect for the two eyes. 
The data on relative sensitivity to light incident upon the fovea at dif- 
ferent angles (Figure 3) lend support to the latter possibility, leading 
one to the assumption that the photoreceptors of the amblyopic eye may 
be “‘tilted’’ as proposed by Enoch’, or that the foveal cones may behave 
more like rods than like cones (since the curve for the fovea of the am- 
blyopic eye is similar to that for the rod curve for a normal eye). Either 
of these assumptions, however, would have to be based on more data 
than is now at hand. 

Rather than acting as a neutral density filter, any mechanism pro- 
posed to account for the amblyopia would have to explain the fact that 
while the sensitivity difference for the two eyes is greatest at the inter- 
mediate levels of background luminance, it is decreased somewhat at the 
highest levels, and is entirely absent at the lowest levels. Such a mechan- 
ism may be proposed if one considers the photochemistry of the retina. 

Fry and Alpern'® have presented an analysis of the photochemical 
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processes in terms of Jahn's modification of Hecht’s theory. Jahn pro- 
poses that two processes take place, as follows: 
L T — IMPULSE 

The photochemical substance, S, is broken down first into the sub- 
stance, E, which breaks down into P + A. E then acts as a catalyst, in 
producing the nerve impulse. In the following formulation, the symbol 
s is used to represent the concentration of the substance, E; and x for the 
concentration of the substances P and A. This is assumed to be a closed 
system, the symbol a being used to represent the maximum concentra- 
tion of the available photosensitive substance. a is equal to the total of 
the three concentrations, s, w, and x. 

The rates of change for the three substances may be expressed as 
follows: 


—k,Bs_ (in the presence of light) 


k,w (in light or dark) 


—k,x? (in light or dark) 


where B is the symbol for luminance, and k,, k,, and k, are velocity 
constants. 

Fry and Alpern state that since k, is large with respect to k,, the 
value of w at any given moment is small with respect to s and x, so it 
may be neglected, and x may be considered equal to a — s. The total 
rate of change of a, may therefore be stated as: 


—k,x? + k,Bs = —k,(a—s)? + k,Bs. 


When the state of equilibrium is reached, the rate of formation of 
the substance, S, is equal to the rate of formation of each of the sub- 
stances P and A, and the concentration of S is therefore maintained at 
a steady value, s’’’: 

k,(a—s’’’)? = k,Bs’’’ (1) 

The above equation may be written in the form: 


(a—s’’’)2 


s 


| 
ds 
For 8S: — 
dt 
dw 
For E: = 
dt 
For P+ Al = 
dt 4 
dx ds 
dt dt 
k, 
(2) 
k, 
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Figure 15 is a logarithmic plot of the above equation, for two 
different values of k,. 
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Pig. 15. Relation of s’’’ to B. 


The next step is to evaluate each of the constants in equation (2). 
in order to find out whether or not an abnormal value for one of the 
constants could explain the behavior of the amblyopic eye. The symbol 
k, refers to the normal eye and k, to the amblyopic eye. Although the 
values of k, differ, the values of k, and a are the same for the two eyes. 
At very low luminance levels, nearly all of the photochemical substance 
is in the S form, for each of the two eyes, the P + A values being 
negligible. Therefore, at low levels, the values of s’’’ coincide for the 
two eyes, indicating that the sensitivity of the two eyes is the same at 
these levels. As the luminance is increased, however, the value of s’’’ 
decreases more rapidly for the amblyopic eye than for the normal eye, 
and for the higher luminance levels, there remains a constant ratio be- 
tween the two s’’” values. 

Referring again to equation (2), a difference in the value of the 
constant k, for the two eyes would have the same effect upon s’’’ as a 
difference in the value of k,. But the change in k, affects directly the rate 
of formation of E, in addition to affecting the concentration of S. It 
may be assumed that a flash is at the threshold for each of the two eyes 
when dw/dt due to the flash is the same for the two eyes. It may be fur- 
ther assumed that the value of dw/dt for the flash will be a function of 
the luminance of the test object, whereas the concentration of S during 
any given flash will be a function of the background luminance, B, to 
which the retina is adapted. 

At the higher background luminance levels, we can assume that so 
little of the photosensitive substance is in the S form that s’’’ can be 
considered very small as compared to a, and therefore we may neglect 
s’’’ in the numerator of equation (2), resulting in the expression: 
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k, k, a? 
B 


(3) 
k, s k, B 
The rate of formation of E produced by the flash depends on AB, 
k,, and s, i.e., 
dw 
= k, ABs (4) 
dt 
and, substituting the value for s given in equation (3), 


k, ABk, a? 4B 
k, B B 


Equation (5) shows that, for high luminance levels, a difference 
in the value of the constant k, for the amblyopic eye, as compared with 
the normal eye, would have no effect whatever, since k, cancels out. 
This equation also shows, however, that a difference in the value of 
k, for the amblyopic eye would cause a change in the value of AB/B 
for a given threshold level (represented by dw/dt) the value of a? 
of course remaining constant. This is consistent with the results of this 
investigation, as shown in Figure 13. 

If the value of a were to be assumed to be less for the amblyopic 
eye than for the normal eye, the reduction in sensitivity would be 
constant for all levels of background luminance, since the symbol a 
represents the total concentration of the photosensitive substance. This, 
however, is contrary to the results of the investigation. Therefore, the 
only constant that we can assume to be abnormal for the amblyopic 
eye, and still explain the data, is the constant k,. 

We should also consider the possibility that the two eyes may 
have the same type of primary reactions, but different secondary re- 
actions; but almost any difference in the secondary reaction would lead 
to a higher absolute threshold for the amblyopic eye, which is contrary 
to the data. 

The results obtained by comparing the supratheshold brightness 
produced in the two eyes (Figure 14) confirm the fact that there is a 
difference in the sensitivities of the two eyes at high levels of luminance, 
which disappears when the stimuli approach the absolute threshold 
level. 

As already pointed out in connection with Figure 15, there is a 
luminance level above which there is a constant ratio in the s’’’ values 
for the two eyes. It follows from equation (5) that the ratio of the 
AB values for the two eyes should be constant, and although this is 
true for the intermediate range of background luminance, there is an 


k, a? (5) 


= 
dw 
—=- 
dt 
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upper level beyond which the ratio returns toward unity. 

Referring to Figure 4, it may be noted that, in going from lower 
levels to high levels of background luminance, there is a greater and 
greater tendency for the curves to level off at the greater slit widths. 

A possible explanation of this effect is that the increase in back- 
ground luminance somehow or other interferes with the lateral irradia- 
tion of excitation from one part of the retina to adjacent parts. Before 
a flash is ever applied to the retina, the background luminance has pre- 
pared the retina to channel impressions directly through the retina, 
without lateral irradiation. However, this is not the only mechanism 
involved; because the tendency to level off increases with the duration 
of the flash when the background luminance is held constant. 

This fact was first demonstrated by Miller and is confirmed in 
the present study. Miller accounted for this effect of duration, by sup- 
posing that an inhibitory mechanism, initiated by the flash itself, inter- 
feres with irradiation, but requires a long duration of the flash in order 
to be maximally effective. He cited the metacontrast experiments by 
Alpern'' as evidence that the inhibitory mechanism initiated by the 
flash requires time in order to become effective. 

The fact that the normal eye yields curves which show a greater 
tendency to level off than those for the amblyopic eye at the same level 
of background luminance, may be accounted for by the fact that the 
normal eye is more sensitive. When the two eyes are exposed to the same 
background luminance, the response of the normal eye is more vigorous, 
and the inhibitory mechanism initiated by both the background and the 
flash are therefore more pronounced. Figure 8 shows that, when the 
curves for the normal and amblyopic eyes are plotted so that the thresh- 
olds for the narrow slits fall at the same level for both eyes, the ambly- 
opic eye shows a greater decrease in threshold for the wider slits than 
does the normal eye. This is particularly true for the higher back- 
ground luminances. One can interpret the upward displacement of the 
curves for the amblyopic eye as a compensation for the difference in 
sensitivities of the photoreceptors. The divergence of the two curves 
at greater slit widths may be interpreted as evidence of more wide- 
spread irradiation of excitation in the amblyopic eye. 

We find already in the literature, ample evidence of mechanisms 
of inhibition. For example, Graham and Granit'?, as a result of their 
experiments on critical flicker frequency, have postulated that foveal 
inhibition may be responsible for brightness discrimination, and Granit'* 
has proposed that this same type of inhibition is that responsible for 
the Pi component of the electroretinogram. 
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Hartline, Wagner and Ratliff'* have recently reported on experi- 
ments on the lateral eye of the limulus and they conclude that the 
inhibition they find is similar to that found in the human fovea. They 
point out that the inhibition takes place even when a nerve fiber is com- 
pletely isolated from neighboring fibers, and they conclude from this 
that the inhibition originates within the ommatidium itself. Alpern"™ 
has postulated inhibition as being responsible for metacontrast. Stigler, 
Alpern and others have found that, when a bright flash of light of short 
duration is immediately followed by another bright flash in an adjacent 
retinal region, the threshold of the first flash is increased. Alpern postu- 
lated that this is due to the fact that the tail end of the first response is 
inhibited by the front end of the second response. He found that this 
effect would occur only if the second stimulus was presented within a 
period of from 50 to 125 ms. after the first one. 

Fry'® has pointed out that the mechanism for inhibition could be 
an electrical, neurological, or a photochemical one, or a combination of 
all three. He has presented a mathematical analysis of a possible elec- 
trical mechanism, together with a description as to how the mechanism 
can account for border contrast and Mach ring effects. 

It has been found in this investigation that Fry’s concept of an 
index of blur may be applied to contrast threshold data for high back- 
ground luminance levels. The decrease in threshold with increase in slit 
width for the narrower slits, is due to optical blurring, the leveling off 
point occurring at from three to five minutes of arc, roughly the diam- 
eter of the blur circle. At lower luminance levels, however, the fact that 
the contrast threshold continues to decrease at the greater slit widths is 
evidence that, at these levels, physiological irradiation as well as optical 
blurring must be considered. 

Fry has found that when a narrow slit is increased in length, a 
reduction of threshold is found even when the slit is of such width that 
an increase in width brings about no decrease in the threshold. This 
result shows that it is not only the area involved that is important in 
determining the contrast threshold, but also the length of the border. 
The present study indicates that a high level of luminance is essential 
for demonstrating this effect. Under these conditions irradiation and 
summation are reduced to a minimum, and some other kind of mechan- 
ism is required to explain the effect of increasing the length of the slit. 

The curves in Figure 15, based on photochemical theory, indicate 
that the sensitivities of the photoreceptors of an amblyopic and of a 
normal eye should maintain a constant ratio at higher levels of lumi- 
nance. As already pointed out the data of Figure 11 show that the 
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ratio of the thresholds comes closer to unity at high levels, but it must 
be remembered that the threshold is determined not only by the sensi- 
tivity of the photoreceptors but also by interaction in the retina. This 
is particularly true for a slit width of 50 minutes, which was used in 
this case. Figure 7 shows that the effect of interaction is to bring the 
thresholds for the amblyopic and the normal eye closer together for the 
greater slit widths and this effect is more and more pronounced as the 
luminance level increases. 

It may be concluded that the narrow slits ought to be used to 
isolate the effects associated with photochemistry. 

Karn'® has similarly shown in a study of critical duration that 
narrow slits are better than wider ones for demonstrating the role 
played by photoreceptor mechanisms. The curves in Figure 11 which 
were obtained with flashes 200 ms. long probably also involve com- 
plications from differential critical durations and for differential meta- 
contrast effects for the two eyes. 

The curves in Figure 13, showing detection and recognition 
thresholds for the two eyes, demonstrate that the two eyes behave in a 
quite similar manner. The differences can probably be explained on the 
basis that the amblyopic eye has a lower k, value than the normal eye 
and hence a lower sensitivity at the higher levels of luminance. The fact 
that the thresholds for the amblyopic eye are higher than those for the 
normal eye (except at absolute threshold level) is evidence of a lowered 
level of sensitivity, and the fact that the interval between the detection 
and recognition thresholds is smaller for the normal than for the ambly- 
opic eye is evidence that it is operating at a higher level of activity, as 
is also the fact that the two curves for the amblyopic eye intersect at a 
higher background luminance level than do those for the normal eye. 

The question now arises as to the value of the results of this investi- 
gation in the prediction of the amount of success one may anticipate in 
administering orthoptic training to a subject. If the basic deficiency is 
at the photochemical level one would not suppose that it could be cor- 
rected by orthoptics. 

Although one may wish to assume that such a photochemical 
deficiency would be evidence of amblyopia of the structural type, there 
remains the possibility that the photochemical deficiency could be initi- 
ated as a result of lack of use of the squinting eye. 

A decision as to the value of the above hypothesis in differentiating 
structural and functional amblyopia must await the results of experi- 
mentation on a large number of amblyopes. In addition to squinters, 
amblyopes who have anisometropia but no squint, and amblyopic post- 
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operative cataract patients (amblyopia occurring when a cataract is 
acquired early in life, or is a congenital condition) would be particularly 
appropriate. 
SUMMARY 

Data on brightness discrimination for both the amblyopic and the 
normal eyes of an amblyopic subject have been presented, a wide range 
of background luminances and exposure durations having been em- 
ployed. It has been pointed out that the threshold for the amblyopic 
eye is higher than that for the normal eye at all luminance levels except 
that representing the absolute threshold level and that the amblyopic eye 
continues to be benefitted by increased slit width to a greater extent than 
does the normal eye. These differences between the two eyes have been 
accounted for by assuming a decreased value for the velocity constant k, 
for the amblyopic eye and by postulating in addition a decreased amount 
of inhibition, which is due to the lowered state of excitation of the 


amblyopic eye. 
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whose advisorship this project was completed, in partial fulfillment of the require- 
ments for the degree Doctor of Philosophy at the Graduate School, Ohio State Uni- 
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NOTES ON RECORDING THE RESULTS OF 
VISUAL TRAINING* 


John Zettel, Jr.7 
Cincinnati, Ohio 


It is helpful in orthoptics to have some form of outline to follow 
when handling each visual training case. It is essential also if one 
intends to review the results of each case to have a good method of 
systematically recording these results. 

The record sheet should be simple to follow and there should be 
spaces for the findings taken from each instrument used during each 
treatment to be recorded. This makes it easy also for the optometrist 
to see the results of each treatment and to follow the progress of every 
patient as subsequent visual training sessions are given. This type of 
record is useful, too, because it can be shown to the patient and with a 
little explanation as to how the findings are recorded he can, to a certain 
extent, follow his own progress. This tends to create interest anJ 
confidence and may be a factor as to how hard the patient tries to 
follow instructions or how punctual he will be in returning for addi- 
tional training sessions. 

There should be space on each record sheet for recording the re- 
sults of three treatments. This keeps the number of sheets to a mini- 
mum and it also makes it easy to compare the results of these treatments 
with other treatments. 

Another reason for this arrangement is that we believe visual 
skills should be taken after every three treatments. In this way addi- 
tional information may be recorded such as visual acuity, vertical and 
lateral phorias at distance and near, and stereopsis. Visual skills sheets 
are the usual size of record sheets and this makes it convenient to attach 
them together for filing. The skills records offer another means of 
showing the patient his own progress and the results can be followed 
by the optometrist after a number of treatments are given. 

When additional data are needed for the progress reports which 
are recorded every three treatments the findings of the ophthalmograph. 
perimeter, tanget screen, or the stereo-projector are used. The stereo- 
projector has been of value in checking for suppression, binocular 


*Read before the annual meeting of the American Academy of Optometry, Section on 
Orthoptics, Houston, Texas, December 11, 1956. For publication in the December, 
1957, issue of the AMERICAN ACADEMY OF OPTOMETRY AND ARCHIVES OF 
AMERICAN ACADEMY OF OPTOMETRY. 

+Optometrist. Fellow, American Academy of Optometry. 
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acuity, and stereopsis and this again not only gives the patient an 
opportunity of observing his own achievement, but is simple and 
colorful enough for even the very young patient to pay attention to, 
and report what he sees. 

The graphs on one side of the record sheet should be for record- 
ing the base-in or base-out ductions taken with the rotoscope and the 
stereo-orthopter. These findings are recorded every three minutes dur- 
ing the time the patient is given training at these instruments. Both are 
used in approximately the same manner. The targets vary, depending 
on the type of visual training given, and the age of the patient. 

When general orthoptics are given both the base-in and the base- 
out ductions are taken. A stereoscopic picture is used and the exercise 
is given with the instrument set in the orthophoric position. During 
the exercise the instrument is stopped every three minutes and both the 
positive and negative fusion reserves measured and recorded on the graph. 
At the end of a twelve minute period, for instance, there would be 
four sets of ductions recorded and by drawing a line through the blur, 
break or recovery marks, a curve is formed which may indicate improve- 
ment, fatigue, or may simply be a straight horizontal line indicating 
neither. 

The same method is used in recording base-in or base-out findings 
in giving general orthoptics except for the setting of the instrument. 
Here again a stereoscopic target may be used unless the patient has 
strabismus. In the event that base-out training is given only the base- 
out ductions are recorded. Each time, after they are measured, the 
instrument is set at the maximum amount of base-out which will allow 
the patient to fuse, and the following three-minute exercise is given 
with the instrument set in this position. This is done for each subse- 
quent three-minute interval for the time that the patient is at either 
the rotoscope or the stereo-orthopter and the same procedure is used for 
the base-in as for base-out training except that the base-in ductions 
are recorded instead of the base-out. 

This same procedure is used with strabismus patients, when pos- 
sible, except that the targets will probably be different as well as the 
setting of the instrument. The targets used will depend on the degree 
of fusion which the patient has, and at the beginning, the setting of 
‘he instrument will be the same as the objective angle of squint meas- 
ured with a major amblyoscope such as the synoptophore or some other 
accurate means. After fusion has been measured at the objective angle 
of squint the treatment can be given in the same manner as that de- 
scribed before the base-in or base-out training and the findings recorded 
as before. 


ag 
ei 
2 
‘Es 


RECORDING VISUAL TRAINING FINDINGS—ZETTEL 


It is difficult at times to teach a patient who has strabismus to use 
corresponding retinal points or to make use of both eyes instead of sup- 
pressing one eye even after a considerable amount of training. Until 
this is accomplished, it will do little good to proceed with any type of 
training dependent on fusion. 

Recording the progress of the patient when using the stereoscope 
may be quite lengthy or brief depending on how much this instrument 
is used. In our office, since there are a number of instruments used 
during each training session, the use of this instrument is usually limited 
to the taking of the visual skills, and training with the jump duction 
and the A N pointer series of cards. It is also used for training am- 
plyopes by using the two sets of the visual skills acuity cards and hav- 
ing the patient attempt to achieve a better acuity rating by studying 
these tests with the amblyopic eye. This is done for a period of about 
ten minutes during each treatment together with the other exercises pre- 
scribed for this purpose. 

When giving training with this instrument a record of the cards 
used, together with the achievement of the patient and the type of 
training being given, is recorded each time. With a base-out training 
case, for instance, the base-out jump duction series could be used and 
a record made of the highest amount of positive fusional convergence 
elicited during each treatment. In the case of base-in training, emphasis 
may be placed on fusion. Consequently, the A N or pointer series of 
cards would be used. These A N cards can be used in training strabismus 
patients by placing prism in the instrument to compensate for the 
imbalance. Then the patient is instructed to attempt to point to all of 
the numbers arranged on the cards with the red and green pointers. 
This is particularly effective as attention may be called to either eye by 
the color of the pointers and also by the fact that all of the numbers 
which are arranged in a circle on the cards are not visible to both eyes 
except when fusion takes place. 

The tel-eye-trainer or the omnitrainer may be used and the results 
recorded in about the same way as with the stereoscope. Incorporated 
with these instruments, however, is a means of simultaneously or alter- 
nately illuminating the pictures, at different rates. The illumination 
of either picture can be controlled. Consequently, these data should 
be recorded along with those of any lens or prism combinations placed 
in the instrument. 

The tachistoscope offers a number of possibilities for visual train- 
ing and may be used for patients with amblyopia as well as remedial 
reading cases. When used for training amblyopes the patient is moved 
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close enough to the screen, which is ordinarily at eight feet, so that 
he can read three digits at 1/10 of a second without error. As the 
patient's performance improves, the number of digits and the speed 
is increased and at the same time the distance from the screen is in- 
creased. This type of patient is usually one who responds slowly, 
consequently considerable time may be consumed with little improve- 
ment shown from day to day. 

When using the tachistoscope for remedial reading the results 
seem to be good. About thirty slides are usually used during each 
training period and they are all flashed on the screen at the same 
speed and in the same location on the screen during each treatment. 
Ten of the slides have a number of digits which are easy to read, ten 
which are moderately difficult to read but still can be read correctly, 
and ten which are more difficult and all of which cannot be read cor- 
rectly. As each treatment is given an attempt is made to increase the 
speed at which the digits can be read and also the number of digits 
on each slide. This increase in speed and number is not attempted, 
however, until the patient is able to read correctly almost all of the 
numbers which he had been trying to read during his previous treat- 
ments. 

When recording the results of the training given with this instru- 
ment the speed at which the digits are flashed on the screen is entered 
on the record together with number of slides used for each number of 
digits and the percentage of slides on which digits are missed. Re- 
medial reading teachers are interested in these data and also in the 
progress of the patient as the visual training progresses. For this reason 
they should always be consulted and an explanation given them as to 
what the visual training consists of and what results are obtained. 

When the metronoscope and the reading rate controller are used 
for reading training it is important at the start to use reading material 
which the patient can read easily. This will allow the patient to be- 
come familiar with the operation of the instrument and will also give 
the optometrist an opportunity to determine what level of reading 
material can be used to begin the training. As the training progresses, 
and as the patient improves, the speed is increased and the highest 
level of material is used which will still be completely readable with 
good comprehension. This level of reading material which is used to- 
gether with the speed and comprehension are the findings which are 
placed in the record so that progress may be followed. 

The metronoscope may also be used for base-in or base-out train- 
ing by placing the variable prisms in front of the patient's eyes so that 
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the positive or negative fusional reserve may be exercised while the pa- 
tient is reading the material being presented by the instrument. 

The accommodation may also be exercised with the metronoscope 
by placing a 3” by 6” card about four inches in front of the patient's 
eyes with an aperture cut out for each eye in such a way that the right 
eye can only see the right side of the reading material and the left eye can 
see only the left. Plus lenses may be placed in front of one eye and 
minus lenses in front of the other and as the patient reads he is forced 
to rock his accommodation. Since the speed of the instrument may be 
varied this may be recorded together with the total amount which the 
patient is able to accommodate. This means of forcing the patient to 
alternate his fixation may also be used when training amblyopes ot 
strabismus patients. 

The stereo-viewer and the stereo-motivator are two fairly recent 
instruments used for visual training and are used in much the same 
way. The stereo-viewer is a little more convenient since it does not 
require as much room to use and seems to be as equally effective for 
fusion and stereopsis training. There are no actual measurements which 
can be recorded from these instruments but a record may be kept of the 
slide or slides used during each treatment and a description of how the 
patient interprets what he sees. 

The synoptophore or troposcope are also similar in use and design 
and may serve the same purpose. In attempting to analyze or treat 
strabismus patients one or the other of these instruments seems almost 
essential. They not only give an accurate means of measuring the 
subjective and objective angle of squint but also offer a good starting 
point for the orthoptics. By setting the instrument at the objective 
angle of squint the normal set of retinal corresponding points of each 
eye may be simultaneously stimulated. In this way the patient who has 
anomalous correspondence may be taught to overcome any suppression 
area which he has established in the foveal area of the squinting eye and 
attempt to use the same area of one eye with the corresponding area 
of the other. 

When recording the results while using either of these instruments 
a record is kept of the targets used, the degree of binocular vision, if any. 
and the objective and subjective angle. After binocular vision has been 
established, with possibly a low degree of ‘stereopsis, the instrument may 
then be used for positive or negative fusional convergence training, by 
allowing the patient to rotate the arms of the instrument until the 
target breaks and then back to the recovery point again. When used in 
this manner the average of the break and recovery measurements may be 
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recorded for each treatment along with the time which this exercise is 
given. 

This discussion of the use of the visual training instruments was 
not intended to be complete. It is only a mention of each instrument 
and the manner in which the results are recorded. It should be empha- 
sized that when giving orthoptics to a patient at least four or five dif- 
ferent instruments are used during each treatment. 

There are several different reasons why this procedure is used. 
First, by using several different approaches to the problem the patient 
seems better able to maintain and use what he has learned. Second, 
more than one factor related to the visual problem may be trained. For 
example, if a patient between the ages of six and 18 were given base-out 
training, the following instruments would be used in this order: roto- 
scope, stereo-orthopter, probably the tachistoscope, and the metronoscope 
which would be set up for accommodative rock. Third, the impression 
which the use of the several different instruments makes on the patient 
or his parents should not be under-rated. As stated before this adds to 
the prestige and psychological advantage of the optometrist when giving 
visual training. 

612 ENQUIRER BLDG. 
CINCINNATI 2, OHIO 


ANNOUNCEMENT 


NEW CHIEF OF THE MEDICAL SERVICE CORPS 

Colonel Leonard P. Zagelow, USAF (MSC), has been appointed 
Chief of the Medical Service Corps, United States Air Force Medical 
Service, it was announced today by Major General Dan C. Ogle, USAF 
Surgeon General. Colonel Zagelow replaces Colonel Phillip G. Fleet- 
wood, USAF (MSC), who is retiring. 

The Medical Service Corps within the USAF Medical Service 
includes medical administrators, medical supply officers, pharmacists, 
optometrists, sanitary and industrial hygiene engineers, entomologists, 
clinical laboratory officers, aviation physiologists, psychologists, and 
psychiatric social workers. 

Colonel Zagelow was born in Odessa, Washington, and received 
his Bachelor of Science and Pharmaceutical Chemist degree in 1937 
from Washington State College. He received his Master of Science 
degree in pharmaceutical chemistry and pharmacology from the Univer- 
sity of Minnesota in 1951. 
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A REVIEW OF THE USE OF THE SPECIFIC MUSCLE 
CALISTHENICS UNIT* 


Marshall V. Markt 
Boston, Massachusetts 


Calisthenic exercises of the extrinsic muscles, in cases of ocular- 
motor problems, have been accepted as an essential part of the overall 
orthoptics program in motor problems. The techniques by which 
patients with motor problems have been receiving calisthenics have been 
general rather than being specific in type. The writer has designed in 
1955 a set of twelve calisthenics targets, one for each extrinsic muscle, 
for use in the stereoscopic type of instrument. These targets are em- 
ployed when it is desired to give calisthenics to a specific extra-ocular 
muscle and, collectively, the targets are referred to as the Specific Muscle 
Calisthenics Unit. The unit is manufactured by the Keystone View 
Company, Meadville, Pennsylvania. 

Normally, the extra-ocular muscles are capable of exerting about 
100 times their required influence upon ocular rotations. In many in- 
stances, even the paretic muscle is able to rotate the globe fully into the 
direction of gaze which represents that muscle’s maximum single influ 
ence. Therefore, calisthenics of the extrinsic muscles are usually not 
given in an endeavor to strengthen a muscle, or a set of muscles, per se. 
Rather, this part of the orthoptics program is prescribed when it is 
desired to improve the tone of the faulty muscle so that the efficiency 
of the neuro-muscular mechanism with which the muscle is associated 
can be improved. In other words, improvement of the mechanism 
through increasing the tone of the muscles actively taking part in the 
action is the aim of the calisthenics technique. After study and practical 
application, I feel that the unit is a good technique for giving calis- 
thenics. As far as I know, this method, or a similar method, has not 
been proposed before. The results which have been obtained with the 
new targets have been satisfactory. 

The design and use of the unit are based upon the physiological 
principles of ocular motility. A review of these principles follows. 
When the eye is in the primary position of gaze, the head being held 
erect while the face is to the front, the muscle plane of each of the 


*Read before the annual meeting of the American Academy of Optometry, Section on 
Orthoptics, Houston, Texas, December 10, 1956. For publication in the December, 
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AMERICAN ACADEMY OF OPTOMETRY. 
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vertical recti makes an angle of approximately 27° with the visual line 
In this same position of the eye, the muscle plane of each of the obligue 
muscles (taking the trochlear as the physiological origin of the superior 
oblique muscle) makes an angle of about 50° wiih the visual line. Each 
of the four muscles mentioned has a three-fold influence upon the rota- 
tions of the globe when the eye is in the primary position of gaze. 
For example, the superior rectus muscle elevates, adducts and intorts 
the globe. The three-fold influences of these four muscles are due to 
the relationship of each muscle plane to the visual line, the origin and 
insertion of each muscle, the contraction of the muscle from insertion to 
origin, and the insertion of the muscle in relationship to the eye's center 
of rotation. 

When the eye is in the primary position of gaze, each of the hori- 
zontal recti has a single influence upon ocular rotations. The medial 
rectus adducts; the lateral rectus abducts. The reason for the single 
influence of each of the horizontal recti is that each has its muscle 
plane parallel with the visual line, the eye being in the primary position 
of gaze. A physiological fact of ocular motility follows: When the eye 
is in a position of gaze where its visual line and the muscle plane of a 
specific muscle are parallel, that muscle has only a single influence upon 
rotation of the globe, regardless of what influences the same muscle has 
upon ocular rotations when the eye is in any other position of gaze. 
Also, when the visual line and the muscle plane of a specific extra- 
ocular muscle are parallel, that muscle is capable of exerting its maxi- 
mum single influence upon the rotation of the globe. 

The examiner who is interested in objectively testing the ability 
of each of the extrinsic muscles of one eye to contract properly, occludes 
one of the patient's eyes and he has the patient follow a target with the 
other eye into the six diagnostic directions of gaze. The patient follows 
the target with his eye and without moving his head. By properly mov- 
ing the target the examiner thereby causes the patient to place the latter's 
eye in such a position that the visual line and the muscle plane of each 
of the muscles, in turn, become parallel. Next, the examiner causes the 
patient to elevate, depress, abduct or adduct the eye being tested. For 
example, when testing the ability of the superior rectus to rotate the 
eye smoothly and extensively, the patient is first made to abduct the eye 
about 27°. Then the globe is elevated from the abducted position as 
much as possible. In other words, for testing the superior rectus, the 
eye is turned up and out. Whereas, from the primary position of gaze 
the influence of the superior rectus is to turn the eye up and in. When 
testing the inferior oblique muscle, the eye is first adducted about 50° 
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and then the eye is elevated. The eye is then in the up and in position 
of gaze. However, from the primary position of gaze the rotating 
influence of the inferior oblique is up and out. 

Normally, no single muscle acts alone. All of the extra-ocular 
muscles take part in each and every eye movement. The synergysts 
actively assist each other in ocular rotations while the antagonists are 
negatively stimulated. In adduction and in abduction five of the six 
extra-ocular muscles are stimulated while one muscle is relaxed. Dur- 
ing elevation and depression, four muscles contract while two relax. 
Three muscles are stimulated and three muscles are negatively stimu- 
lated during the oblique movements, as the gaze is directed into the 
various tertiary positions. 

In any of the eye movements just mentioned, it was stated that 
more than one of the extrinsic muscles is positively stimulated at one 
time. However, these muscles are stimulated to varying degrees. One 
muscle in each excursion receives the greatest stimulation and it can be 
said to be the most responsible muscle of all of the muscles being stimu- 
lated at that particular instance. The most important muscle in any eye 
movement is the one which has its muscle plane parallel with, or closest 
to parallelism with, the visual line as the eye turns. For example, in 
abduction all of the muscles are stimulated except the medial rectus. 
In this latter case, the lateral rectus receives the greatest degree of ner- 
vous stimulation and it becomes the most responsible muscle for turning 
the eye out and for maintaining the eye in the abducted position. (Full 
abduction is impossible without the lateral rectus, even though all of the 
other stimulated muscles of abduction are functioning normally.) For 
another example, in turning the eye out and up the superior rectus, 
the inferior oblique and the lateral rectus are stimulated while the other 
three muscles relax. In this case, the superior rectus is the most re- 
sponsible muscle for turning the eye up and out and for maintaining 
the eye in that position. Therefore, the superior rectus receives the 
greatest degree of nervous stimulation in such an eye movement. 

The design of the calisthenics unit is based upon the aforemen- 
tioned physiological principles of ocular motility. Basically, in order 
to give specific muscle calisthenics the targets make it necessary for the 
patient to place the eye with the muscle which is to receive the calis- 
thenics in such a position of gaze as to allow the visual line and the 
muscle plane of the specific muscle to be parallel. Secondly, the place- 
ment of the target for the involved eye is in such a position as to make 
the specific muscle the most responsible muscle for rotating its eye far 
enough into the proper direction of gaze in order to allow this eye to 
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see its target foveally. In this manner and because of the physiological 
burden, the individual muscle receives its calisthenics. 

Each card of the unit measures 314” by 7” in size. These are also 
the dimensions of the average stereoscopic slide. There are two picture 
targets on each card. One picture is intended for the right eye while 
the second target is for the left eye. The targets have been constructed 
on the basis that so long as the cards are placed at the infinity position 
on the shaft of the orthoptic stereoscope, a 95 mm. separation between 
the targets places the patient's eyes in a state of parallelism, regardless 
of the patient's interpupillary distance. Also, a tangential displace- 
ment of 2 mm. represents | prism diopter. The set of twelve cards 
can be used in various types of orthoptic instruments in view of the 
fact that the cards are produced in both the curved and flat form. 

As was stated earlier, the targets can be used wherever calisthenics 
training is indicated. The unit can be used effectively when training the 
paretic muscle, the post-operative muscle, the individual muscles in non- 
paralytic squints (for example, the externus in esotropia), the indi- 
vidual muscles for increasing prism convergence in exophoria and the 
individual muscles for increasing prism divergence in esophoria, the 
involved specific muscles in instances of convergence and divergence 
insufficiencies and excesses, the vertical acting muscles (increasing tone) 
in vertical imbalances, and the responsible and involved muscles (syner- 
gysts and yokes) in all non-paralytic ocular-motor problems. 

The patient who is to receive calisthenics training with the targets 
is instructed to hold his head erect and without movement when he is 
at the stereoscopic instrument. He is only to move his eyes in order 
to look directly at the target belonging to each eye. The instrument's 
card holder is placed at infinity on the shaft. Next, the proper card of 
the unit is selected and it is placed in the card holder. In this technique, 
calisthenics training is given in alternating sequence. This flashing 
technique, of about two seconds exposure, is accomplished automatically 
on most instruments. However, if necessary, the alternating exposure 
can be performed manually by the orthoptist or by the patient. There 
is a separate picture for each eye and each target has its own small fixa- 
tion point. The twelve pictures are related. For example, the card 
marked Right Internal Rectus has for the right eye a baseball pitcher 
in the throwing position, while the left eye sees the ball approaching 
a catcher. The card for training the Left Superior Rectus shows the 
following two pictures: an airplane and a man falling with a para- 
chute. The parachute picture is for the right eye only and the airplane 
is seen only by the left eye. During the alternating flashing of the 


673 
‘ 


MUSCLE CALISTHENIC UNIT—MARK 


calisthenics technique the patient sees one target at a time. By looking 
at its target, the eye with the muscle being trained is repeatedly made to 
move into that direction of gaze which represents the muscle’s direction 
of maxium single influence. The target for the second eye is placed on 
the card so that when this eye looks at its target the involved eye is 
helped to be in, or to approach, that position where the latter eye's 
visual line and the muscle plane of the muscle being trained are parallel. 
For example, when the card for the right superior rectus is used, the 
iarget for the left eye is so placed that the left eye is adducted 27°. The 
right eye is then in an abducted position, or it approaches that position 
(depending upon the motor problem). The right eye in this example, 
in order to see its target foveally, must be elevated from its abducted 
position. This places the greatest physiological burden on the right 
superior rectus muscle. Another example is as follows: The card for 
giving calisthenics to the left external rectus has the target for the 
right eye in the orthophoric position, that is instrument orthophoria, 
while the target for the left eye is displaced to the left as far from its 
orthophoric position as the instrument will allow. Therefore, in the 
alternating flashing sequence, the right eye, when it sees, is in the straight 
ahead position. In order for the left eye to see its target this eye must 
be abducted. In this manner the greatest burden is placed upon the 
left external rectus muscle. 

The usefulness of the unit can be broadened by the employment 
of increasing powers of auxiliary prisms. The prism is placed with its 
apex pointing in the direction of the target. That is, the apex is placed 
up, down, in or out. The prism is always placed before the eye with 
the muscle receiving the calisthenics. 

80 BOYLSTON ST. 
BOSTON, MASSACHUSETTS 
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CHALKBOARD COLOR PREFERENCES AMONG TEACHERS* 


Albert V. Alder+ and Henry W. Hofstettert 
Division of Optometry, Indiana University 
Bloomington, Indiana 


The variety of chalkboards available for installation in classrooms 
raises among other questions that of color preference. The color choices 
have been primarily between green and black or slate, and between 
these two colors there appears to be considerable disagreement.':? 

The present report is concerned with the results of a questionnaire 
survey of 128 school teachers who had used both green and black 
chalkboards in classroom instruction. Most of the respondents were 
teachers taking advanced courses in the Indiana University School of 
Education who were polled in several separate groups by the distribu- 
tion and collection of questionnaire cards during regular class periods. 
The others (approximately 10) were teachers in the metropolitan 
school system of Bloomington who were polled individually. 

It is estimated that 100 of the 128 respondents were women. 
The form of the questionnaire was as follows: 


1. What type chalkboards have you used in class? 
Green Black White 
Prefer which chalkboard (if any). 
Green Black White 
Reasons for preference. 
Do you use more than one chalk color in class? 
One Several 
5. Years teaching. 
6. Principal subjects taught. 


No signature or other form of identity of the respondent was re- 
quested. The questionnaire was submitted with no introduction or 
explanation except to indicate that it was for a project being under- 
taken by a student. The respondents were asked, but not required, 
to fill out the questionnaire. 


*Read before the annual meeting of the American Academy of Optometry, Houston, 
Texas, December 8, 1956. For publication in the December, 1957, issue of the 
AMERICAN JOURNAL OF OPTOMETRY AND ARCHIVES OF AMERICAN ACADEMY 
OF OPTOMETRY. 

+Optometrist. Captain, U.S.A.F., Graduate student, Indiana University. Fellow, 
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So far as could be determined, practically all of the teachers eligible 
to respond by reason of their experience with two or more types of 
chalkboards did cooperate in giving answers. There was no indication 
that the relative merits of the various types of chalkboards had been 
discussed previously as a part of their regular coursework. 

The results are tabulated in Table I. Of particular interest is the 


TABLE I 
Prefer green chalkboard 74 (58%) 
Reasons for preference (a) visual sensory 62 
(b) physical attributes 3 
(c) aesthetic attributes 6 
(d) no reason 3 
74 


Prefer black chalkboard 47 (37%) 
Reasons for preference visual sensory 
physical attributes 
aesthetic attributes 
no reason 
Prefer white chalkboard 
No preference 7 ( 5%) 


fact that 95% of the respondents voluntarily made a choice of color, 
only 5% indicating no preference. The majority (74 of 128) indi- 
cated preference for the green chalkboards. Fewer (47 of 128) indi- 
cated preference for the black with only seven indicating no preference. 
None declared a preference for white, although five indicated experi- 
ence with this category. Assuming a representative sampling, the dif- 
ference in preference for green as compared to black is at approximately 
the 1 % level of significance by the Chi square test. Further, the majority 
preference for the green based on the ratio of those preferring green to 
black persisted at every experience level, as shown in Figure 1. 

The basis for the preference shows marked difference in the two 
groups, however. Since the respondents gave their reason in their own 
words, the classification of reasons into the four categories in Table I. 
was made by the authors. Most respondents gave a single reason, only 
a few giving none or more than one: whenever more than one reason 
was given the first one was used in the tabulation. Classified as Visua/ 
Sensory reasons were such explanations as, “‘easier to see,”’ ‘better con- 
trast,"’ ‘‘clearer,”’ ‘‘easier on the eyes,” “‘less glaring." Classified as 
Physical Attributes were such explanations as ‘easier to clean,’ “‘lasts 
longer without cleaning,” “‘less messy."’ The classification of Aesthetic 
Attributes included such reasons as, ‘‘more cheerful,’’ “‘provides better 
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RATIO: GREEN / BLACK 


S19 20-24 
YEARS TEACHING EXPERIEICE 
Fig. 1 
color harmony," “‘attractiveness,"’ ‘‘gayety,’’ “‘more attention getting 
value for children,” etc. None of the reasons given indicated any- 
thing more than pure opinion or empirical observation, ie., no 
references, data, or authorities were cited or implied in support of an 
opinion, though, of course, this was not requested. Nevertheless, the 
influence of expressed opinion by popular authorities cannot be dis- 
counted. 

The reasons given in the choice of green were predominantly in 
the visual sensory category. If the few reasons involving aesthetic 
appreciation are regarded to be visual sensory in nature it might be 
stated that the visual attributes represented essentially the sole basis for 
preferring the green. 

The majority of reasons given for the choice of black were also 
in the visual sensory category, but hardly in the proportion shown by 
those preferring the green. In the case of those preferring black there 
was a substantial number of reasons related to the physical qualities of 
a typical black chalkboard. Unfortunately, it cannot be established 
whether the 40% who listed physical attributes as their reason would 
also have said black was more satisfactory from a purely visual sensory 
point of view. In other words, each respondent appears to have been 
under the impression that only the single dominant reason was desired 
and hence the results do not prove that the choosers of black were 
any less in favor of the visual sensory attributes of black chalkboards 
than the choosers of green were of green chalkboards. If, by any chance, 
the “‘reasons’’ were secondary to the “‘preferences’’ it would be quite 
possible that 96% (56% + 40%) of those who preferred black 
would also say that black was more satisfactory visually. By the same 
token, there would be the possibility that 96% (84% + 4% + 8%) 
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of those who chose green would also state that green was visually more 
satisfactory. 

In remarkable consistency, though obviously with®ut statistical 
significance, is the fact that the five respondents who gave no reasons 
for their preference showed the same proportion of preference for green 
(3 to 2) as the 121 who gave reasons. By all means, the possibility 
that the reasons were entirely secondary to, rather than a basis for, the 
preferences is not ruled out in this survey. 

An attempt to explore this latter possibility further is represented 
in the analysis of the preferences in terms of the number of years of 
teaching experience. This analysis is shown graphically in Figure 1. 
Though of doubtful significance, there is an indication that teachers 
with more years of teaching experience, and hence also older, show 
greater preference for the green chalkboards. If the acceptance of the more 
recent green chalkboard represents a conflict with tradition, the reverse 
might have been predicted. If the observed trend is correct, then there 
are at least two possibilities, either that it takes years of experience to 
decide, or to be convinced, that green is more satisfactory, or that the 
visual characteristics of older teachers leads them to prefer the green. 

With the exception that 39% of the 74 (29) preferred green be- 
cause of less ‘‘glare,’’ the authors were unable to derive from the variety 
of reasons given any that might suggest a fundamental physiological or 
psychological basis for the preferences. The term glare as used here 
may be presumed to relate to the specular qualities of the surfaces, 
though it is doubtful that all had the same idea in mind when they 
used the term. 

On the one hand this lack of any analyzable basis for the preva- 
lence of one preference over another may reflect an ordinary response 
cultivated by a popular fad or notion, but on the other hand it may 
only indicate that the preference is a resultant of a complexity of factors 
which are not adequately classified by the single attribute of color. 
In other words, depending on the quality of construction, the quality of 
material, the frequency of resurfacing or honing, the type of janitorial 
service, the type of chalk or eraser, the quality of illumination, and 
numerous other factors, either a green or a black chalkboard can have 
any of the good or bad attributes listed as reasons for the choice. Even 
the possibility that green chalkboards are associated with newer and 
therefore more modern buildings is not easily dismissed as a psycho- 
logical factor in the preference. Therefore, we might conclude that the 
multiplicity of factors involved may obscure or may even be dominant 
in influencing a preference of color. 
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There was no evident relationship between chalkboard color 
preference, reasons for color preference, the number of chalk colors used. 
and the principal subjects taught. 

SUMMARY 

Among 128 teachers 58% preferred green chalkboards, 37% pre- 

ferred black, and 5% expressed no preference. Preference for green was 


shown at all experience levels. 
No fundamental explanation for the preferences was apparent from 


the reasons given. 
REFERENCES 
1. Mullen, W. F., and Nixon, W. R., “Take Another Look at the Natural Slate 
Blackboard,’’ American School Board Journal, 122, 38-41, 1951. 
2. Harmon, D. B., et al, ““A Preliminary Study of the Relation of Sustained Visually- 
Centered Activity and Certain Types of Chalkboards,’’ Co-ordinated Classroom 
Papers, No. 1. 409-11 Nalle Bldg., Austin, Texas. July, 1952. 


BOOK REVIEW 


A SYSTEM OF OPHTHALMIC ILLUSTRATION—Peter Hansell, 
M.R.C.S., F.R.P.S., F.B.P.A., Director of the Departments of Photo- 
graphy and Illustration, Institute of Ophthalmology and Westminister 
Medical School, University of London. Charles C. Thomas, Publisher. 
Pp. 114, 77 illustrations. 1956. Price $5.75. 

Perhaps the most useful and beautifully illustrated atlas on the 
diseases of the eye has recently appeared, written by E. S. Perkins and 
Peter Hansell of the Institute of Ophthalmology, London. The junior 
author of this atlas has written the above-mentioned complete, but 
short, textbook on the system of ophthalmic illustration used, describ- 
ing in some detail the regional anatomy involved and the various ways 
in which the eye as a whole, or a special part of the eye and its adnexa, 
may best be recorded. Types of lighting are discussed, and whether the 
drawing of the medical artist, or photography, will serve the purposes 
of illustration best. It is a well-written text, terse and to the point. 
For those of us who do not realize the difficulties of producing such 
illustrations it is a very informative book, but for the person who in- 
tends to make ophthalmic illustrations, this text is a must. 

K. B. STODDARD, O.D., PH.D. 
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A REPORT ON THE ACADEMY* 


In 1922, when the articles which govern the American Academy 
of Optometry were drawn, the founders specified that the object shall 
be to further the development of optometrical sciences in the effort to 
conserve the human vision. During the following 36 years the Academy 
has constantly adhered to this policy. The character of the Academy is 
of a technical and educational nature. From the standpoint of member- 
ship, the Academy is not a large organization, yet its impact upon 
optometry and its place on the healing arts team has been tremendous. 
On this occasion, it is proper that a few aspects of Academy work be 
mentioned. 

During its entire development, the Academy has served optometry 
as the common meeting place where all men interested in the visual 
sciences could meet and exchange views. Its membership is not limited 


*Excerpts from the Annual Report of the Secretary. Read before the annual meeting 
of the American Academy of Optometry, Chicago, Illinois, December 7, 1957. 
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to optometrists alone, although optometrists constitute a very large por- 
tion of the membership. Educators, physiologists, ophthalmologists, 
psychologists, physicists, illuminating and safety engineers and other 
scientists not only actively serve on our committees, but over the years 
have made important contributions to our work. In addition, these 
members have taken the optometric story to other disciplines. 

Until the Academy actually became a strong motivating force, the 
profession did not have an independent professional literature of its 
own. The publications serving optometry before 1920 were essentially 
trade publications, and the day in and day out influences of the Academy 
did much to change this as time went by. Today optometry has a very 
respectable body of literature, and while improvement is necessary, we 
are today making our contributions to science in the orthodox and 
acceptable way, and optometric literature is widely reviewed and studied 
by all those interested in visual problems. The Academy has played 
an important part in this. 

During the past year the Academy has become a member of the 
International Optical League. An Academy member, Mr. Eric Bateman, 
serves on its governing body. This step was taken as Academy members 
practice optometry in many non-communist countries and ii was felt 
that the ideals of optometric practice as characterized by Academy stand- 
ards could be more readily understood and adopted through this inter- 
national body. In addition, members in the U.S.A. and Canada will 
secure a better understanding of the problems of optometry overseas 
through this affiliation and thus be in a better position to advise and 
assist if called upon to do so. 

The American Academy of Optometry represents the profession 
in the American Association for the Advancement of Science. This is 
a recognition of the important part optometry has played and during 
the past year the Academy has appointed one of its members, Dr. Henry 
W. Hofstetter, to the governing board of A.A.A.S. 

Over the years, the Academy has supported many research projects 
in our own educational centers as well as other institutions. The 
Academy suggested that the profits from the recently published Sheard 
Volume be earmarked for visual research. This has been done. This 
book started as an Academy project. In the years to come, additional 
grants-in-aid for visual research will be made by the Academy as funds 
permit. 

Another of the important contributions of the Academy has been 
in the bringing together, at annual meetings and in the chapters, like- 
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minded optometrists interested in the exchange of clinical information. 
There are a great number of these meetings held every year both here 
and abroad and these do much to raise the clinical practice standards of 
members. 

One significant Academy project has been to focus the attention 
of all optometrists on the importance of our schools and colleges. 
Every effort has been made through our Journal and speakers at opto- 
meiric meetings to review their successes, problems and needs to the 
end that our under-graduate schools and those who serve in them are 
given, not only the credit due them by the profession, but even more 
important the support these educational centers and fine faculty people 
deserve. Thirty years ago it was common to overhear derisive comments 
about our educators and technical writers. Laboratory men particularly, 
and some optometrists of that day made great sport of educators, refer- 
ring to them as men who could not earn a living in practice. Today 
such comments are rarely heard. This is mainly due to the fine job our 
schools are doing, but also to the part the Academy has played in cor- 
recting this very improper attitude. 

Graduate education in optometry has always been one of the major 
aspects of Academy work. Scientific and clinical meetings; the enrich 
ment of the literature through carefully prepared material published 
in the Academy Journal; the widely used monograph program of the 
Academy and more recently the large number of excellent post-graduate 
courses which precede our annual meeting are evidences of our interest 
and determination to make a major contribution to the entire profession 
in this important field. It is of particular interest that most of these 
programs are available to all optometrists. 

In the U.S.A. the political and economic aspects of optometry 
are historically the direct responsibility of the American Optometric 
Association and these highly involved matters are in good hands. Offi- 
cially, the Academy takes no part in these affairs, but stands ready to 
assist if called upon to do so. In no sense are the A.O.A. and the Acade- 
my rival organizations. Optometrists practicing in the U.S.A. must 
belong to the A.O.A. to join the Academy, and there is a most cordial 
relationship between the two organizations. Most Academy men and 
women, in addition to their Academy responsibilities, are active in 
A.O.A. and State Association work. 

In summing this up it is proper to point out that during the past 
36 years the Academy has played an important part in setting the 
standards of clinical practice for the profession in the U.S.A. and in 
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Canada. In addition, these high standards are beginning to have a 
marked affect in England, and to a lesser extent elsewhere. From month 
to month, the world literature on optometry shows this to be true. 
The Academy will continue this work in the future as its ethical con- 
cepts of practice are essential to continue the progress of the profession. 
High practice standards coupled with good education, both under- 
graduate and post-graduate, are the foundation stones for the economi- 
cally successful optometry of the future. 
CAREL C. KOCH 


THE BRADFORD WOODS OPTOMETRY CONFERENCES 


Three years ago the two authors of this report invited a group of 
20 optometrists from Indiana and several nearby states to meet for a 
two-day conference on topics of optometric interest. The meeting was 
held at Bradford Woods Manor, an old mansion-like home located on a 
large tract of wooded land owned by Indiana University and established 
as a camp, recreation center, and headquarters for the Riley Memorial 
Association and several other educational activities identified with the 
School of Health, Physical Education, and Recreation of Indiana Univer- 
sity. The conference was designed to be completely informal, without 
organizational representation, and entirely at the personal expense of 
those participating. It was further planned that there should be no 
officers, by-laws, sponsorsKips, or organizational type activities beyond 
the election of a chairman pro-tem to preside at the conference. No 
minutes were kept, no resolutions were considered or adopted, and no 
publicity was given to the meeting. The topics to be discussed were 
left entirely to the discretion of those in attendance. 

The original twenty invited were selected for their variety of 
professional interests, their known or promising leadership in the pro- 
fession, their recognized interest in fundamental professional problems, 
and their recognized ability to contribute constructively to optometric 
thinking. Some attempt was made to include men of all age levels, 
from various types of communities, and with differing educational back- 
grounds and points of view. By all means the selection was not intended 
to be exclusive; rather it was designed as an experiment in a type of 
conference which, if successful, might serve as a pattern for others who 
might wish to institute like meetings of similarly constituted groups. 

A year later the same participants were invited back, and each 
was asked to nominate another whom he felt could contribute to the 
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discussions. For each one of the original who could not attend addi- 
tional optometrists were invited from among the nominees according 
to an arbitrary system of priority based on the order in which nomina- 
tions were received and with classifications of priority based on whether 
or not the nominator had attended the previous year and certain other 
vriform criteria adopted to insure adequate geographical distribution of 
participants. 

This year, the third conference was held with 23 in attendance, 
and with approximately a 50% change of personnel from the original 
conference. 

All three of the conferences were held in October, a particularly 
inviting time of year in the Autumn tinted rolling hills of Southern 
Indiana. 

The schedule on each occasion called for an assembling group 
luncheon at 12:00 noon on a Wednesday, a conference session from 
about 2:00 to 5:00, dinner at 6, a conference from 7 to 9, a snack at 10. 
breakfast at 8, a session from 9 to 12, lunch at 12:30, and dispersal 
immediately after lunch on Thursday. The dormitory type lodging. 
the informal self-served home cooking, the exclusive use of the manor, 
and the more than ample parking space all contributed not only to the 
delightfully informal atmosphere but also to the phenomenally low 
cost of attendance. 

These conferences have been most invigorating, inspirational, and 
educational. The freedom of expression, the informality, the lack of 
distractions, and the absence of organizational pressures have made 
them unique in character. Topics for discussion have followed, for 
the most part, the general theme of “‘Optometry, its present and future 
role in society." The original pattern of operation has been followed 
faithfully and without even minor modifications. 

It is the opinion of the authors of this report that the ideas and 
concepts developed at these conferences have had an enlightening influ- 
ence on all of the participants and that the participants in turn have 
been able to share their experiences to the benefit of the profession gen- 
erally. It is therefore planned to repeat these conferences in future years. 

It has been especially gratifying to the authors to note the number 
of times that participants have suggested that such conferences should 
be instituted by other optometric groups. 

The only delicate aspect of such a conference is the selection of the 
first participants, since it would appear to offend many who are not 
invited. It is our opinion that this phase can best be handled by a com- 
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mittee of two who are willing to exercise their courage in making this 
decision. The absence of publicity will of course minimize any related 
unpleasantness in this respect. The lack of identification of the par- 
ticipants with organization offices or constituencies, and the detach- 
ment of the meeting from professional assignments or political objectives 
are all conducive to a selection of invitees entirely in terms of their 
potential contributions to a wholesome discussion. 

HENRY W. HOFSTETTER* AND R. W. TUBESINGT 
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LENS MATERIALS IN THE PREVENTION OF EYE INJURIES. 


Arthur H. Keeny, M.D., D.Sc., Published by the Charles Thomas 
Company, Springfield, Illinois. 73 pages. Cloth. $3.50. 

The author is to be commended in developing this fine monograph 
which contains the latest up to date information on the various lens 
materials that are used today for eye protection. 

The three major topics that this study is concerned with are: 

1. To describe the development of safety lens materials used in 
spectacles and goggles to prevent mechanical injury. 

2. To analyze experimentally and to study the characteristics of 
safety lens materials—both glass and plastic. 

3. When the application of these lens materials are indicated and 
contra-indicated. 

After an introductory first chapter, the next two chapters deal 
with the early and modern development of safety lenses: laminated, 
case hardened and plastics. 

The fourth chapter describes the numerous experimental tests per- 
formed by the author with the various protective lenses of glass and 
plastic to determine their degree of hardness, impact resistance, fracture 
patterns, birefringe patterns, thermostability, resistance to chemicals and 
acids, radiation absorption and flamability. 

The fifth chapter describes the relative merits of plastic lenses: 
their advantages and disadvantages. 

When certain types of safety lens materials should be applied and 
when they are contra-indicated is discussed in the sixth chapter. 

Concluding, the author expresses the opinion that eventually with 


*Optometrist. Ph.D., Director, Division of Optometry, Indiana University, Bloom- 


ington, Indiana. 
+Optometrist. President, American Academy of Optometry. Medical Arts Building, 


Richmond, Indiana. 
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the improved techniques for the development of safety lens materials 
that the conventional hazardous type of regular crown lenses will be 
replaced with safety lenses of varying thicknesses and hardness depend- 
ing on the age, hobbies, prescription strength and occupation of patient. 
Blindness which results from trauma and from splintered glass spectacles 
can be almost completely abolished, as has been successfully shown in 
industry if the ophthalmic professions would make greater use of 
these modern safety lens materials. 

This monograph should be in the possession of all optometrists 


and ophthalmologists. HERMAN SAGER. O.D. 


EYE SERVICE 
SPERRY GYROSCOPE CO. 
GREAT NECK, N. Y. 


THE SHEARD VOLUME. SELECTED WRITINGS IN VISUAL 
AND OPHTHALMIC OPTICS. Charles Sheard, M.A., Ph.D., Sc.D. 


Published for a sponsoring committee of ophthalmologists, opticians and 
optometrists by the Chiltom Company, Inc., 56th and Chestnut Street, 
Philadelphia, Pennsylvania. 467 pages. Illustrated. Cloth. $15. 1957. 

The long awaited Sheard Volume is now in print. 

This reviewer has known of Dr. Sheard’s work in the field of 
optometry, ophthalmology, and opticianry for many years. It must 
be admitted though, that the scope, versatility, and sheer magnitude of 
his writing was not realized. The list of his publications found in 
section seven of this book, number two hundred and ninety-eight. They 
touch upon most every major subject in the field of human vision and 
many other subjects in the field of bio-physics. It must have been no 
small task to have selected the writings deemed most suitable for this 
volume. 

At first glance when one notices that no index is present, there is 2 
feeling that the book is not complete. However, the clever arrangement 
of well selected writings into six major sections is a help. Each section 
has been further divided into topics which are self-explanatory enough 
that an index is not absolutely essential. Section four, for example, is 
broken down as follows: 


SECTION FOUR 
CONSIDERATIONS REGARDING THE ANALYSIS AND INTERPRETATION 
OF DATA ON OCULAR ACCOMMODATION AND CONVERGENCE 
1. Outline of a Routine in Ocular Refraction 234 
2. The Function of Convergence. sigs: 
3. The Function of Accommodation ‘ 243 
4. Applications to the Problems of Ocular Refraction... 257 


; 
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ZONES OF OCULAR COMFORT 


Asthenopia 267 
Relationship Between Accommodation and Convergence 268 
Absolute Versus Relative Convergence 271 
Area of Comfort 272 
Illustrative Cases ; 273 
Fields of Accommodation and Convergence : 277 
Points Concerning Defects in Convergence 280 
Prismatic Corrections from the Standpoint of the Area of Comfort 281 


Most of the other sections are about as detailed as section four. 
The other sections consist of selections from editorials and short essays, 
dynamic ocular tests, dynamic skiametry and methods of testing the 
accommodation and convergence of the eyes, ophthalmic optics with 
applications to physiological optics, ocular photosensitivity and dark 
adaptation, and personalia. 

The compiling of Dr. Sheard’s works into a volume such as this 
will make a valuable contribution to the ophthalmic literature. There 
is much of value to the optometric students as an auxilliary text book 
on clinical refraction. The subject material moves logically from the 
taking of a case history through fundamental astigmastic tests, through 
dynamic ocular tests, through methods of case analysis, and then ends 
vith the adaptation of the lens itself to various visual problems. Sheard’s 
work on light and dark adaptation was, of course, among his more recent 
contributions and his best known works in this field have been included. 

Dr. Sheard has been contributing to the literature in some form 
since 1909 according to the chronologically listed bibliography. The 
section on Dynamic Ocular Tests was published originally in 1917. 
The most recent published selection was printed in 1946 and concerns 
‘he effects of high altitude on rod and cone thresholds. When one 
considers that the subject material of this book covers a period of about 
30 years of Sheard’s writings it becomes all the more remarkable. It 
helps also to keep ones perspective to read again a paper written 40 
years ago in which the emphasis is placed on the necessity of dynamic 
measurements of visual performance; not that there isn’t anything new 
under the sun, but only that we give credit where credit is due. While 
Sheard did not originate dynamic tests he surely deserves credit for 
early emphasis and lucid explanations of the possibilities of such tests 
to the clinician. 

This book is, of course, more than just a historical review of the 
highlights of the writings of one of our great men in physiological 
optics. It would do us all good to read carefully his first chapter on 
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The Case History.”’ His “Zones of Ocular Comfort” is still one of the 
classics in optometric literature. The well selected case studies through- 
out the book excellently illustrate the day by day application of the 
material presented. This volume should have a wide distribution not 
only among undergraduate students, but among all refractionists and 
all students of optics as well. 


RALPH E. WICK, O.D. 


810 MT. VIEW 
RAPID CiTy, SOUTH DAKOTA 
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MEASLES AND MYOPIA 


To the Editor: 

In the June, 1957, issue of the Archives Dr. Monroe Hirsch had an 
especially pertinent and interesting paper on the Relationship Between 
Measles and Myopia. 

Dr. Hirsch makes one obvious error which may have misled the 
readers, and that was the statement that ““Rubella of the mother occur- 
ring during the first three months of pregnancy leads to certain eye 
defects in the infant, while the same disease in the mother at any other 
time in pregnancy has no such effect.”’ 

It is true that the first three months of pregnancy leads to the most 
serious effects, but ophthalmological literature is replete with numerous 
case histories and discussions on the subject: Rubella is a serious problem 
leading to infant cataract when the mother is afflicted during the whole 
nine-month period. As time goes on the danger is lessened, but the third 
to term area is still of considerable significance. 


GEORGE P. ELMSTROM 


502 MAIN STREET 
EL SEGUNDO, CALIFORNIA 


MEASLES AND MYOPIA—REPLY BY HIRSCH 


This communication deals with what Dr. Elmstrom terms an 
“obvious error which may have misled the readers.’’ The following 
quotations may be illuminating. I..S. Tassman in his The Eye Mani- 
festations of Internal Disease (The C. V. Mosby Company, St. Louis, 
Missouri, 1951, p. 405) states: “Since 1941 and during the war years, 
a rather large number of cases of congenital cataracts have been observed 
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and recorded in young infants born of mothers who were said to have 
suffered with rubella during the first three months of pregnancy.’’ The 
author then discusses the difficulty in obtaining good data since the 
diagnosis of rubella was usually made in retrospect, and then con- 
cludes (p. 406), ‘Nevertheless, there is sufficient evidence to indicate 
that the risk of congenital defects is great if maternal rubella occurs 
during the first three months of pregnancy.” 

Our second source is Systemic Ophthalmology by Arnold Sorsby 
(Butterworth and Co., Ltd., London, England, 1951 .. . issued in the 
United States the same year by the C. V. Mosby Co., St. Louis. 
Missouri). This states, “On the basis of the virtual confinement of 
cataracts to infants whose mothers have suffered from rubella during 
the first three months of pregnancy . . ., Cordes and Barber (1946) 
have argued that the noxious agent may be transported by means of 
the amniotic fluid.” 

In addition to this statement, a table appears in the above section 
listing the number of instances of congenital cataract with the month 
during which the mother had rubella. This portion of the table is 
reproduced below: 


Month 


No. of children with 
congenital cataracts 


Thus, the number of cataracts observed for infants whose mother had 
rubella during the first three months of pregnancy was 113, while those 
observed among the children of mothers having rubella during the later 
six months of pregnancy was four (two, if rubella occurred during the 
second trimester; and two, during the third trimester). Thus, the 
danger is about 56 times as great during the first trimester as it is during 
either of the succeeding trimesters. 

It should further be noted that congenital cataract is by no means 
limited to infants whose mothers had rubella during pregnancy. There 
are hereditary types of cataract described by Arnold Sorsby in Genetics in 
Ophthalmology, (The C. V. Mosby Co., St. Louis, Missouri, 1951, 
pp. 127-141). Also, such factors as malnutrition, avitaminosis, endoc- 
rine imbalance (particularly as regards calcium metabolism), and toxic 
influences in the mother may lead to congenital cataract in the infant. 
All of these possibilities are discussed by W. Stewart Duke-Elder in his 
Text-Book of Ophthalmology (Vol. II, the C. V. Mosby Co., St. 
Louis, Missouri, 1941, pp. 1365-6). 
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CORRESPONDENCE 


We have noted that while 131 cases of congenital cataract among 
infantis whose mothers had rubella during the first trimester of preg- 
nancy were observed, only two cases were observed for offspring of 
mothers who had rubella during each of the last two trimesters. How- 
ever, the number of cases sampled is not available, but the cataract cases 
reported undoubtedly represent sampling from a very large number of 
live births. Is it not then possible that the two cases observed during 
each of the later two trimesters were due to causes other than the 
rubella? We feel that this is rather probable. In short, we can state 
that there were 56 times as many cataracts observed for children whose 
mothers had rubella during the first trimester as for those whose mothers 
had the disease during later trimesters. This difference is undoubtedly 
significant by inspection. But what of the two cases for each later tri- 
mester? Does this number differ significantly from offspring whose 
mothers did not have rubella at all? This we cannot state but feel that 
there is a good chance that it is no different. 

In the light of the evidence at present available, and in spite of 
the “‘numerous case histories’’ with which “the ophthalmological 
literature is replete,"’ we will stand by our original statement. It is 
possible that Dr. Elmstrom’s contention that congenital cataract may 
infrequently result from rubella of the mother during the last six months 
of pregnancy has some validity, but we question whether this will occur 
any more frequently than among the offspring of mothers who did no: 
have rubella. We think that the correction of Dr. Elmstrom may be 
more misleading to the reader than the original statement. 


MONROE J. HIRSCH 


216 E. MATILIJA STREET 
OJAI, CALIFORNIA 


MERRY CHRISTMAS 


During this Christmas period we of the Journal Staff send the 
Seasons Greetings to our readers everywhere and with these go our 
very best wishes to you all for a most happy and successful year in 1958. 
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CURRENT COMMENTS 
Terry Judith Parkins 
Editorial Assistant 


Optometrists will confer a favor by sending news items of general interest for this 
department; such as relate to new instruments, clinical techniques, education, visual 
health and optometric legislation and organization. 


PLEDGE OF THE NEW YORK ACADEMY OF OPTOMETRY 

Realizing that the New York Academy of Optometry was founded 
in order to establish a distinctive nucleus composed of practicing optome- 
trists who are endeavoring to develop and maintain the highest ideals and 
practices of professional life, to the end that optometric science may be 
further developed, optometric practices elevated and optometric prestige 
enhanced, I pledge myself as a condition of Fellowship in the Academy 
earnestly to strive to live and to practice in absolute accordance with its 
principles, declarations and regulations and Code of Ethics. 

All members of the Academy shall conduct themselves and practice 
in such manner as to be in keeping with the principles embodied in the 
Optometric Oath, The Code of Ethics derived from said oath as follows: 

a—The optometrist shall keep inviolate all confidences committed 

to him in his professional capacity. 

b—The optometrist shall support organized optometry in its 

efforts to advance and promote the highest ideals of professiona! 
service. 

c—The optometrist shall refrain from exaggerating the condition 

of a patient for any purpose. 

d—The optometrist shall keep himself informed with regard to 

all developments in his field. 

e—The optometrist shall share his knowledge with the profession 

at large for the betterment and advancement thereof. 

f—The optometrist shall refrain from all adverse criticism reflect- 

ing upon the skill of a colleague. 

g—The optometrist shall not be associated in practice with any 

but ethical practitioners. 

The Academy interprets the Optometric Oath and the Code of 
Ethics more particularly and specifies as the prerequisite for an ethical 
practitioner the following: 

The ethical practitioner keeps himself informed as to optometric 
theory and progress and applies a thorough and modern optometric 
procedure using and owning adequate optometric instruments. He gives 
his patient sound advice relating to the patient's ocular welfare without 
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exaggeration for greater remuneration. He will consult freely with 
optometric, medical, dental, osteopathic, or other practitioners for the 
benefit and welfare of his patient and will send to such practi‘ioners 
complete and understandable reports where it best serves the interest 
of the patient to do so. He will co-operate in public health programs 
for the public welfare and contribute of his time and substance thereto. 

His fees shall be on a level commensurate with the valuable service 
he is giving to his patient and commensurate with his patient's ability 
to pay. He shall practice only in professional environment and shall 
refrain from unprofessional conduct and more specifically he shall use 
no title other than that of optometrist, he shall engage in no unethical 
publicity, he shall not fill oculists’ prescriptions, he shall not use show 
windows or cases or other such means of display, he shall not sell optical 
merchandise as such and he shall not use a store location as his office. 
CALIFORNIA OPTOMETRIC ASSOCIATION TO MEET IN FEBRUARY 

“Changing Times'’—that’s the theme of the 1958 Congress of the 
California Optometric Association which is scheduled for February 
19-22, 1958, at the Biltmore Hotel in Los Angeles. It stands for 
“COA Has a New Goal In Natural Growth; Teamwork Is Meeting 
Emergencies Smoothly,”’ and it refers more broadly to COA’s new 
internal reorganization program designed by President Arthur C. 
Heinsen. 

The Congress will open officially Wednesday, February 19, with 
registration, opening ceremonies, and the traditional dinner for past 


presidents. 

Thursday, February 20, will be highlighted by a morning golf 
tournament and the formal opening of educational exhibits. Friday. 
February 21, will feature the optical industry breakfast and the Vision 
Conservation Institute Award banquet at which the first-place winners 
of the state-wide high school poster and essay contest will be presented 
and will receive their awards. 

Saturday will feature final business sessions and the banquet and 
installation of new officers. 

Heading the Local Congress Committees are: Drs. Dean M. Ames 
of Sun Valley, Entertainment; Robert Turner of Paramount, Regis- 
tration; Oron Kirkby of Pasadena, Banquet; Adolphus W. Lages of 
Highland Park, Publicity: Earl Twitchell of North Hollywood, Decor- 
ations; and John Costantini of San Pedro, Meeting Rooms. Dr. Lyle 
Forbes of Covina, president of the San Gabriel Valley Optometric Asso- 
ciation, is in charge of the Reception Committee. 
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The Sheard Volume: 
Visual and Ophthalmic Optics 


Sponsored by a committee of 30 ophthalmologists, opticians, and optometrists 
— a major contribution — 


SELECTED WRITINGS OF 
CHARLES SHEARD, Ph.D., M.A., Sc.D. 


Nationally known as one of the leading scientists and educators in the field 
of vision and ophthalmic optics, Dr. Sheard has contributed much to all 
phases of this science with his many books, articles, and monographs. Now 
they are collected for the convenience of students and teachers. 


“To honor the technical scholarship of Charles Sheard, 
professor of Biophysics at the Mayo Foundation and 
recipient of several medals for distinguished service in 
the field of optics, this volume reprints a few examples 
of his many books and articles in the area of ophthal- 
mological and optometrical sciences. The highly tech- 
nical text studies astigmatism; prisms; skiametry; bi- 
focal, trifocal, and contact lenses; nonphotophobic in- 
dividuals; illumination and vision; palvoanas of light, 
and related topics. There are many .. . tables, statistics, 
formulas, and case histories. The appended bibliog- 
raphy lists of 298 items written by Dr. Sheard in stand- 
ard optical and medical journals, in textbooks and in 
brochures.” — Books from the U.S.A. 


Dr. Sheard was formerly editor of the American Journal of Physiological 
Optics and for many years director of the Department of Biophysics, The 
Mayo Foundation. The book contains 83 illustrations, 476 pages, $15.00. 


CONTENTS 

SECTION ONE -— Selections from Editorials and Short Essays. SECTION 
TWO — Dynamic Ocular Tests. SECTION THREE — Dynamic Skiametry 
and Methods of Testing the Accommodation and Convergence of the Eyes. 
SECTION FOUR — Considerations Regarding the Analysis and Interpreta- 
tion of Data on Ocular Accommodation and Convergence; Zones of Gastiee 
Comfort. SECTION FIVE — Ophthalmic Optics with Applications to Phy- 
siological Optics. SECTION Sik — Ocular Photosensitivity and Dark Adap- 
tation. SECTION SEVEN — Personalia. 


Use this coupon for ordering 


CHILTON BOOK DIVISION, Dept. DA-9 
56th and Chestnut Sts., Philadelphia 39, Penna. 
Yes, send me on approval, with money-back g 
THE SHEARD VOLUME, VISUAL AND OPHTHALMIC OPTICS. by 
Charles Sheard, M.A., Ph.D, ScD., at $15.00 per copy. I understand that I 
may examine the book (s) for 10 days and return without obligation if I am 
not satisfied. 

Bill me. Bill my company. 

b ae if remittance is sent with order, SAVING YOU the handling and postage 


(Quantity discount schedule en request) 
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Rx Univis 


D-25 Nu-Line 


These special features of the 
D-25 Nu-Line assure your 
patients of fine Univis quality in 
a 25 mm. wide segment bifocal. 
We can supply from stock. 


Now... as always... corrected curves *Note the identifying brown-pink line 
TM, 


A COMPLETE Rx SERVICE lua City OPTICAL COMPANY 


MINNEAPOLIS + MINNESOTA e@ WILLMAR 


BIND °EM... 
and youw'll 
find them! 


Keep your copies of the AMERICAN JOURNAL OF OPTOMETRY 
AND ARCHIVES OF AMERICAN ACADEMY OF OPTOMETRY 
always available for quick, easy reference in attractive book form. 


January through December, 698 pages, (12 issues) bound in the best grade 
buckram, imprinted with your name on cover for $4.15. Annual index at back. 


Ship your 1957 Journals to us by parcel post. We will return your bound 
volume within 30 days. 


Full remittance must accompany order. 


PUBLISHERS’ AUTHORIZED BINDERY SERVICE 
5811 West Division St. Chicago 51, Illinois 


= May WE offer YOU these patient advantages? 
7 Unsurpassed front surface 25 mm. 
volity on segment width 
[| 
aberration 
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THERMINON ABSORPTIVE LENSES 


Curved Top Trifocal GOm/m ‘Flat Top Trifocal 6Om/m Round 
Round Base Curves 425-625-823-10 


Seament Sizes f . intermediate 67.8 m/m 
intermediate 7m/m, 3% of Reading Portion 
Reading Portion 


One Piece Bifocal A Style 


Ophthalmic Lenses 
are scientifically formulated to ab- 
sorb ultra-violet and infra-red radia- 
tions and to reduce glare without 
affecting visibility. The tint or color 
of the lenses has nothing to do with 
the effect. The color comes from 
the ingredients and is incidental. 
Genuine Therminon Lenses are ob- 
tainable only from Therminon Lens 
Corp., Des Moines, lowa, or from 
Optical Equipment Co., Box 26, 
Huntington Park, California. 


THERMINON LENS CORPORATION 
University at Des Moines, lows 


An 
ACADEMY MEMBERSHIP 
PIN 
10K Gold 


The Emblem of the 
Academy 


in a round, gold and blue 
enamel pin, 13 mm. in diame- 
ter, with safety catch. 


Mailed Post-Paid 


$3.50 


to members only 
Send orders to 
AMERICAN ACADEMY 
of 
OPTOMETRY 


1506-1508 Foshay Tower 
Minneapolis 2, Minnesota 


With our sincere wish 
for A Merry Christmas 
and a happy prosperous 


New Year to you. 


CONVENIENTLY LOCATED: 
St. Paul, Minn. Austin, Minn. Bemidji, Minn. 
Watertown, Grand Forks,N.D. Billings, Mont. 


THE WALMAN, OPTICAL COMPANY 
229 Medical Arts Building Minneapolis 2, Minn 
FOUNDED IN NINETEEN HUNDRED FIFTEEN 


Adds 25 Segment Sizes—Stangerd 
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new 800-page book 


800 pages of pertinent information on all phases 
of contact lenses. 


197 illustrations, many in full color. 


More than 600 papers and textbooks cited in bibliography. 


Authors: Theo. E. Obrig and Philip L. Salvatori, 
well-known pioneers in the field. 


Just published: $15 per copy. 
Send your order to: Hug Laboratories ne. 


49 East Sist Street, New York 22. N.Y 


NOW AVAILABLE TO THE OPTOMETRIC PROFESSION: 


THE WOLFE TONOMETER 


The use of the Wolfe Scleral Tonometer has been validated 
for the measurement of increased intra-ocular pressure as 
in glaucoma. 

It may be used for the detection of abnormal diurnal vari- 
ations, marked differences in comparative pressure of the 
two eyes and in conjunction with optometrically applied 
provocative tests, all indicative of incipient glaucoma. 

A brochure describing the specific instrumentation and 
summary of research will be sent upon request. 

The Wolfe Tonometer is available in limited quantities, and 
may be purchased directly. 


$46°° 
F.0.B. CHICAGO 
DEPARTMENT OF CLINICAL RESEARCH 


Illinois College of Optometry 
Technology Center 
3241 SO. MICHIGAN AVE., CHICAGO 16, ILLINOIS 


A.O.A. SPEECH SUGGESTIONS 


A new 32 page, 82 by |I-inch booklet of speech outlines, examples, illustra- 
tions, anecdotes and other aids for the optometric speaker is now available 
to A.O.A. members from the association's St. Louis headquarters. The charge 
for the booklet is $1.50 per copy, postpaid. Send Orders to 


AMERICAN OPTOMETRIC ASSOCIATION 
4030 Chauteau Avenue St. Louis 10, Missouri 
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SEGMENT 


UNIVIS 


That's how you know you have it — 
immediately and positively. It can’t be anything else. 
And when you have I.S./22, you're providing 
the absolute best in bifocal care: straight top 
segments for minimum jump, Univis quality 

to insure the performance of your prescription, 
Barium crown segments to eliminate 

annoying color aberration. Full Univis warranty, 
of course; and all Univis multifocals 

contain these four basic quality factors 

which must be built into every multifocal lens 
blank during manufacturing: 


1. No cylinder or aberration in the segment 
2. Excellent contact quality 

3. Accurate segment power 

4. Unsurpassed front surface quality 


Now through your Univis Laboratory. 


NOW—AS ALWAYS—UNIVIS CORRECTED CURVES 


NIVI THE UNIVIS LENS COMPANY 
Dayton, Ohio 


top segments with ended \ 
pa 


personality, has 


Style 5 


Meet Every Need: 


Style One: .Man's 
clear bridge zyl 
frame, pennant 
shape, with 
aluminum temple., 
(Pictured at left). 
Colors: Black Bark, 
Red Barkand 
Mocha on Crystal. 

Style Two: Clear 
frome with zyl temple. 


vane colors as above 


temples 
Colors: Black 
Bark, Red Bark 
-and Mocha 
Style Four: Solid colors 
with wide oll zy! skull 


COMMERCIAL OPTICAL COMPANY, Box 1215, Omaha, Nebraska 


Henry Kelpe, nationally 
known television personal- 
¢ 


_ Leading independent Rx laboratory in the U. S. - 


ity, KMTV-Omoheo, wears 
the V. 1. P. Style #5. ; Write for contid 
and frames. 


ublic. hye 
Yas = — i ig = 
» 
oelect the V.LP.... 
in the public eye know just how much 
- good appearance cou nts. Theres a little o 
the Very Important Person in al! of us...the” 
need to feel im portan important. 
—— enry Kelpe, well known television 
ne Vii P. luxe 
> feate ing A Gluminum temp 
combi with zy! frame and 
deluxe trim Frames come 
colors of solid red block ood, 
grey lifen and brown linen. 
a Sho w r pati - 
They want the you ng. prc ive lo ak 
FOUR OTHER V.I.P. STYLES, te 
— 
Style Three: Solid 4 
1 ntial price bulletin on lenses 


